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Abstract
BACKGROUND: Breakfast skipping has previously been associated with worse diet quality
among adolescents, although research from Canada is relatively sparse. Additionally, many
studies do not consider diet quality as a function of calories, which is problematic as skippers
tend to consume less energy than consumers.
PURPOSE: This study investigated breakfast skipping habits and Healthy Eating Index-2015
scores among teens in Southwestern Ontario.
METHODS: Cross-sectional, baseline data were used from the SmartAPPetite project, which
is currently ongoing. 24-hour dietary recalls and sociodemographic information were
obtained from participants and parents (n=512).
RESULTS: Breakfast skippers had significantly lower diet quality, even when calories were
controlled for, though the differences were relatively small. On average, both skippers and
consumers had poor diet quality.
CONCLUSION: While breakfast may appear to be an attractive meal to intervene upon to
improve diet quality, consumption alone is not likely to meaningfully improve diet quality
among teens.
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Summary for Lay Audience
Breakfast has been heralded as being the most important meal of the day, yet breakfast
skipping among teens is a common phenomenon. Past research has largely found that teens
who consume breakfast tend to have better diet quality, though much of this research comes
from outside of Canada. Additionally, teens who eat breakfast tend to consume more
calories, giving them an inherent advantage in consuming enough nutrients, when compared
to skippers. This study sought to investigate the importance of breakfast among teens in
Southwestern Ontario, by comparing the diet quality (on a per-calorie basis) of those who
skip breakfast to those who consume breakfast.
512 teens recruited from secondary schools in Southwestern Ontario completed a 24-hour
dietary recall. Teens who consumed breakfast tended to have better diet quality than those
who skipped breakfast, but the difference was relatively minimal. Importantly, even among
those who consumed breakfast, average diet quality was quite poor, suggesting that breakfast
is likely not enough to meaningfully improve diet quality, compared to those who skipped.
This study, coupled with previous literature, suggests that simply advising teens to consume
breakfast is likely not a sufficient strategy to improve overall diet quality, and if breakfast is
truly the most important meal of the day, then more importance should be placed on the
quality of breakfast, rather than simply the consumption of it. Initiatives such as a federally
funded breakfast program represent one method of accessibility of a nutritious breakfast for
teens, though participation in these programs can be quite varied. As such, it is important to
address barriers to nutritious breakfasts while pursuing other avenues in improving teens’
diet quality, with the eventual goal of reducing the long-term risk for chronic diseases.
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Chapter 1
Introduction
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This chapter presents background information surrounding diet quality among teens and
its relationship with breakfast skipping. It also examines other factors related to diet
quality, and presents potential consequences of poor diet quality, to explain the
importance of research surrounding this topic.

1.1
Research Context: Adolescent Diet Quality in
Canada
Adolescence is a time of rapid changes in the human life cycle, and is characterized by
increased independence and greater emphasis placed on how their peers perceive them
(1). This increased independence, coupled with the fact that many teens also seek
employment for the first time (leading to more disposable income), (2) can lead to
increased control over their food choices (3). Unfortunately, this does not mean that teens
are making healthy food choices, and indeed, evidence from two most recent cycles of
the Canadian Community Health Survey (CCHS; 2004, and 2015), suggest that teens
aged 13-18 years old have the worst diet quality among all age groups (4,5). A recent
study by Minaker et al. (6) found that among 47, 203 Canadian grade 6-12 students, only
10% met Canada’s Food Guide fruit and vegetable recommendations. A report by Health
Canada showed that in 2017, 92% of males and 50% of females aged 14-18 years were
consuming excessive amounts of sodium, a known risk factor for a host of adverse health
outcomes (7). These percentages are very high compared to other age groups, and
represent a harrowing statistic, as dietary habits formed during this time may persist into
adulthood (8), which could then put them at risk of future disease.

1.1.1

Consequences of Poor Diet Quality

Diet quality can be defined in numerous ways, though it is commonly done via measuring
intake of specific food groups (i.e. fruits and vegetables), and/or nutrient intake, which
can then be compared to reference standards, or between two or more groups of
individuals (9). One of the most significant outcomes of poor diet quality is an increased
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risk of excess weight gain, leading to obesity (10). Obesity is a major public health issue
faced by numerous countries today, and according to the World Health Organization, is
now considered a global epidemic (11). In Canada, almost two-thirds of individuals over
the age of 18 are overweight or obese (12). With strong ties to numerous chronic diseases
such as cardiovascular disease, hypertension, type II diabetes, and various forms of
cancer (13), obesity is one of the most serious public health issues facing Canadians.
Youth, of course, are not immune to obesity, with recent estimates suggesting that 30%
of Canadian children aged 5-17 are overweight or obese (14). Living with obesity in
childhood is very concerning, as evidenced by a recent longitudinal study (15) which
followed adolescents from 1996-2008, and found that 90% of adolescents living with
obesity remained obese into adulthood, and the overall prevalence of obesity increased
from 13.3% in wave one to 36.1% in wave four. This suggests that obesity experienced in
adolescence is likely to continue into adulthood, thereby putting children at risk of
obesity-related diseases at a much earlier age than had they remained at a healthy weight
during their childhood. Indeed, while diseases such as these have previously been thought
of as “adult” diseases, the prevalence in youth has been increasing over recent years
(16,17), which is especially concerning as some (such as diabetes) can be considered
irreversible (18), and can therefore have lifelong consequences.
Another consequence of poor diet quality is the increased risk of osteopenia and
osteoporosis later in life if adolescents do not consume enough calcium during this
critical time period (19). This is because up to 90% of peak bone mass is acquired by age
18 in girls and by age 20 in boys (20). Kalkwarf et al. found that women who did not
consume milk during childhood (5-12 years old) had a 2-fold greater risk of fracture later
in life, and low milk intake during adolescence was associated with a 3% reduction in
bone mineral density, a known risk factor for osteoporosis (21). As such, while it is
important to consume sufficient calcium at all stages of life, adolescence is a key time
period where it is especially vital, due to the slow progressive decline in bone mass after
this period (22).
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Research has also begun to examine the influence of diet on mental health, as there are
crucial nutrients involved in proper brain functioning, such as the omega-3 fatty acids
Eicosapentaenoic acid, and Docosahexaenoic acid (commonly referred to as EPA and
DHA) (23), cobalamin (vitamin B12), and folate (vitamin B9) (24). It is well-documented
that a chronic lack of vitamin B12 and/or folate (anemia) can result in weakness,
depression, and in severe cases, even dementia (25). Additionally, while the evidence is
mixed as to whether EPA and DHA supplements are effective, a review by Cardoso et al.
found that increased consumption of DHA appears to reduce the risk of depression,
bipolar disorder, schizophrenia, and mood disorders, while absence of adequate DHA can
cause anxiety, irritability, and impaired memory and cognition functions (26).
Furthermore, a recent meta-analysis showed that omega-3 fatty acids (both EPA and
DHA) had small but significant effects in reducing the risk for depression (27). While
these two reviews were not limited to teens, it is suggestive that diet does play a role in
mental health and should be acknowledged.
There are several other nutrients that influence mental health. For instance, production of
serotonin, dopamine, acetylcholine, and norepinephrine (neurotransmitters, all of which
have known effects on mood) (28) would not be possible without adequate amounts of
amino acids such as phenylalanine, tryptophan, or tyrosine (29,30). Additionally, despite
the novelty of research surrounding probiotics and prebiotics (31), a recent study by
Valles-Colomer et al. found that a healthy gut (often referred to as “the second brain”)
(32) was associated with higher quality of life scores and lower rates of depression in a
cohort of 1,070 Belgian and Dutch individuals (33). While reverse causality is certainly a
possibility (whereby individuals with poor mental health may be more likely to consume
a diet that is poor in quality), a separate longitudinal study of 12, 404 individuals found
that those consuming a poorer diet at baseline were more likely to express depressive
symptoms at follow-up (34), suggesting that diet quality can in fact impact mental health.
This is particularly important to consider in adolescent populations, as research suggests
that individuals aged 15 to 24 years are more likely to experience mental illness and/or
substance use disorders than any other age group (35). Similarly, Jacka et al. investigated
the association between high and low diet quality, and mental health among Australian
teens aged 11-18 years old (36), and found that those with the poorest diet quality had the

4

worst mental health scores, while those with the highest diet quality scores had the
greatest mental health scores. This association was found both cross-sectionally and
prospectively, when participants were measured again at follow-up.
In conclusion, the consequences of poor diet quality are numerous, and can affect overall
health in several ways. Importantly, not only can poor diet quality affect health longterm, there are also increased risks of short-term disease, as discussed previously. To
counteract or help prevent the occurrence of these conditions, it is important to
understand the root causes for poor diet quality, which are discussed in the following
section.

1.1.2

Etiology of Poor Diet Quality

Consuming a high-quality diet is very important for reducing risk for chronic disease
(37), yet most adolescents are currently not doing so. To adequately address and improve
poor diet quality among adolescents, we must investigate potential root causes. This
section discusses factors associated with poor diet quality among teens, placing a special
emphasis on breakfast skipping.

1.1.2.1

Breakfast Skipping

One common, and potentially damaging dietary habit among adolescents, is the act of
breakfast skipping (38). Breakfast skipping has been hypothesized to negatively impact
diet quality (39), and if the old adage “breakfast is the most important meal of the day” is
true, then adolescents who skip breakfast are missing out on crucial nutrients which will
undoubtedly affect their diet quality. One popular theory posited as to why breakfast
skipping is so detrimental is the conjectured overcompensation of calories that would
result from other foods throughout the day (40), thereby leading to increased caloric
consumption, despite missing a mealtime. Secondly, this increased caloric consumption
has been suggested to be from foods lower in nutritional quality, thereby creating a twopronged effect, where breakfast skippers are not only consuming more calories, but less
of other nutrients (41). For example, Ramsay et al. analyzed National Health and
Nutrition Examination Survey (NHANES) data from 2005-2012, and found that children
(aged 2-12 years old) who skipped breakfast consumed nearly 40% of their daily intake
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from snacks, and consumed less fruit, whole grains and dairy, but more empty calories,
compared to children who consumed breakfast (40).
However, research supporting the notion that breakfast skippers consume more calories
than consumers is relatively unsubstantiated. In fact, the aforementioned study by
Ramsay et al. (40) found that children who skipped breakfast consumed 200 less calories
than those who ate breakfast. In a recent meta-analysis, Sievert et al. examined 13
randomized controlled trials (RCTs) and found similar results, with breakfast consumers
consuming 260 more calories per day (95% CI: 79 – 441) than breakfast skippers (42).
As such, the theory that consuming breakfast will lead to less calories seems to be lacking
evidence, and in fact, the opposite might be true. Consequently, the increased nutrients
(and by extension, diet quality) which breakfast consumers enjoy (43–45) could
presumably be attributed to the increased energy they are consuming.
This thesis seeks to further investigate the relationship between breakfast skipping and
diet quality among adolescents, while addressing other potential factors associated with
diet quality.

1.1.2.2

Lack of Cooking Skills

It is undeniable that Canadians have shifted more towards eating away from home, and
relying on pre-packaged, convenience foods (which requires fewer skills than cooking
‘from scratch’ would require) compared to previous years (46). Unfortunately, this trend
has denied adolescents the opportunity to learn knowledge about cooking skills from their
parents, which has traditionally been the primary mode of learning (46). Coupled with the
decreased popularity of Home Economics courses in Canadian secondary schools (47),
adolescents today have less opportunity to observe and practice basic ‘from scratch’
cooking skills, which is a major concern as they age and are eventually self-reliant in
terms of preparing and cooking meals (48). Without proper cooking skills, individuals
have higher risk for consuming pre-packaged and/or convenience foods, both of which
are associated with lower adherence to national nutritional recommendations and higher
energy intake (49). Research shows that young adults who frequently prepare food at
home have superior diet quality than those who do not regularly prepare food at home

6

(50,51), suggesting that cooking skills (necessary for food preparation) can serve as a
protective factor in terms of a healthy diet, and that a lack of cooking skills appears to be
a risk factor for a poor quality diet (48).

1.1.2.3

Fast Food Intake

Fast food consumption in Canada is increasing in popularity, with 27,091 fast-food
establishments operating in the country in 2019, compared to 21,725 in 2010 (52).
Coupled with this growth in establishments is a total sales increase among Canadian
restaurants of $24 billion from 2010 to 2017 (53), suggesting that Canadians may be
becoming more reliant on fast food for their dietary consumption. Further bolstering this
notion, Didier Garriguet found that when analyzing Canadian Community Health Survey
Data (CCHS), approximately 33% of Canadian teenagers aged 14-18 years had consumed
food at a fast-food outlet in the past 24 hours (54). While it is true that not all fast-foods
are necessarily unhealthy, fast-food consumption has been associated with higher energy
intakes, higher BMI, and poorer diet quality (55). As such, due to the popularity of fastfood consumption, it is likely playing a role in decreasing diet quality among Canadian
adolescents.

1.1.2.4

Socioeconomic Factors

Socioeconomic status (a term often used to describe one’s educational, occupational, and
income attainment) (56) is an important determinant of many health outcomes, such as
obesity (57) and other chronic diseases (58,59). Socioeconomic status is also positively
correlated with diet quality in Canada (i.e., those with higher socioeconomic status tend
to have better diet quality, and vice-versa) (4,60). The hypothesized mechanisms through
which low socioeconomic status is associated with poor diet quality diet are numerous.
One reason why those with low socioeconomic status might suffer from poorer diet
quality is the high cost of healthy foods (e.g., fresh produce) relative to ultra-processed
foods, the latter of which tend to be less nutritious (61). A recent report released in
partnership by Dalhousie University and the University of Guelph, found that while the
average price of fruit increased by 2% from 2018 to 2019, the average price of vegetables
increased by 12%, representing the largest increase in price among all food groups, and
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twice that of what was expected (a 4-6% increase) (62). It was also noted that 87% of
respondents believed that food prices were rising faster than their household incomes.
Families living with limited financial resources will struggle more to adapt to these
increases while still trying to consume a healthy diet. A 2019 report by the Angus Reid
Institute (63) found that among those who were struggling to feed their household, 75%
of individuals opted for cheaper, less healthier options when shopping, compared with
only 32% among individuals who found it easy to feed their household. This compromise
in food choice can almost certainly negatively influence diet quality, in order to retain
money for numerous other costs.
People from lower socioeconomic status might also have poorer diet quality due to a lack
of food literacy. Food literacy is “a set of interconnected attributes organized into the
categories of food and nutrition knowledge, skills, self-efficacy/confidence, food
decisions, and other ecologic (external) factors such as income security, and the food
system” (64). Even among individuals who have the financial resources to make healthy
choices, without adequate knowledge, and cooking/food processing skills, many healthy
options are essentially eliminated, and reliance on foods which require little to no
preparation would be expected to increase. Indeed, there is research to suggest that those
with higher socioeconomic status tend to also have higher nutrition knowledge, and
cooking abilities (65,66) However, there have also been contrasting findings, such as the
study by Huisken et al., who found that when comparing 16, 496 Canadians’ selfreported food skills, there were no significant differences in food preparation skills, nor
cooking abilities between those living in food secure and food insecure households (67).
The study also found that individuals in low-income households were just as likely as
high-income households to make healthier substitutions in recipes to lower the fat, sugar,
and salt content, suggesting that some components of food literacy may be relatively
similar among these two groups. As such, while food literacy is an important determinant
of diet quality, it is unclear whether all components (i.e. food knowledge, cooking skills)
differ significantly between those in higher and lower income households.
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1.2

Thesis Rationale

While the previously listed associations are important to investigate, the present thesis
sought to focus specifically upon breakfast skipping and its association with diet quality
among adolescents. The classification of breakfast as either neutral, protective, or a risk
factor for low diet quality is an important investigation in the adolescent population, due
to the relatively high prevalence of skipping breakfast among teens, and the potential
consequences which might result from this phenomenon. Current health
recommendations urge Canadian teens to consume breakfast, with the hopeful intention
of improving their diet quality (among other suggested outcomes such as improved
attendance, alertness, etc.) (68,69), yet Canadian research on the subject is limited. This
is important to consider, as even Canada’s closest neighbor, the United States, differs in
terms of their food fortification rules (which can then affect nutrient intake) when
compared to Canada (70). Moreover, it appears that breakfast consumption may be
associated with increased caloric consumption, and while numerous studies have
demonstrated higher nutrient intakes (5,71,72), far fewer have taken the unequal energy
differences into consideration. As such, it is important to assess whether breakfast
consumption is associated with diet quality among adolescents, in order to determine if it
truly is an important determinant worthy of intervening upon.

1.3

Research Objectives

This thesis contributes to the growing body of literature surrounding breakfast
consumption and diet quality in adolescents, by determining whether skipping breakfast
is associated with poorer diet quality compared to individuals who consume breakfast.
Using data obtained from the Human Environments Analysis Laboratory (HEAL) at
Western University as part of the SmartAPPetite project, this thesis aims to answer the
following research questions:
1) Does diet quality (as measured by Healthy Eating Index-2015 scores)
significantly differ between breakfast skippers and breakfast consumers?
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2) Are there any significant differences in nutrient intake between breakfast
consumers and breakfast skippers?
3) What percentage of total daily nutrient intake is consumed at breakfast?
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Chapter 2

2

Literature Review

This chapter will investigate the association between breakfast skipping and diet quality
of adolescents, giving special consideration to studies which were performed in Canada,
and especially those which compared two groups with isocaloric diets (i.e., diets which
are equal in energy intake). This chapter will also discuss the various ways that breakfast
skipping and diet quality have been measured in the literature and describe the strengths
and limitations of the various approaches.

2.1

Background

The association between breakfast consumption and diet quality in adolescents has been
assessed previously, with multiple studies suggesting that breakfast consumption has a
positive impact on overall diet quality (73,74). Research suggests that breakfast
consumers tend to have higher mean daily intakes of calcium, fibre, and vitamins A and
C, as well as a number of other micronutrients (74,75). However, breakfast consumers
also tend to consume more calories than skippers (42), suggesting that this difference
could plausibly be explained by the quantity of food consumed, rather than breakfast
consumers having an inherently “healthier” diet. While it is not necessarily erroneous to
measure diet quality without controlling for caloric intake, the notion that breakfast
skippers make poorer food choices can only be challenged when quality is measured
between two isocaloric groups.
To illustrate the importance of considering energy intake when assessing diet quality,
Nicklas et al. (76) found that breakfast skippers’ diet quality was inferior compared to
consumers, yet using their provided data, on a per calorie basis, breakfast skippers
actually consumed more fibre, monounsaturated fat, less sucrose (sugar), and equal
amounts of vegetable protein (important nutrients related to diet quality) than breakfast
consumers. Similarly, Medin et al. (39) concluded the overall diet quality for a single day
was lower if breakfast was skipped, yet when quality was measured as a function of total
caloric intake, no significant differences in total fat, saturated fat, added sugar,
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discretionary foods per day, or vegetables per day were observed between days where
breakfast was consumed and days where it was not. Unfortunately, the answer is not
clear-cut, as other studies have found a significant increase in diet quality among
breakfast consumers (relative to skippers), while holding energy intake constant
(71,72,75,77). However, the fact that the findings have been mixed is intriguing and
suggests that the diet quality of adolescents who skip breakfast might be more
comparable than previously thought.
Recent systematic reviews have also been mixed about whether the association between
breakfast consumption and diet quality holds once caloric intake has been controlled for.
Monzani et al. (78) assessed the correlation between skipping breakfast and weight and
cardiometabolic risk factors in children and adolescents, finding overwhelming evidence
that children and adolescents who skipped breakfast were more likely to be overweight
and/or obese; however, only six of the thirty-four articles assessed nutritional aspects
(79–84). Of these six studies, four used presence, and/or high risk of metabolic syndrome
(MetS) as a measure of diet quality (80,82–84). While, undoubtedly, MetS is related to
diet quality, it is primarily an anthropometric and biochemical measurement, considering
factors such as waist circumference, blood pressure, triglyceride levels, and impaired
fasting glucose which determine whether or not an individual has metabolic syndrome
(83–85). All of these factors can be influenced by diet quality, but they do not give an
estimate of one’s dietary intake (e.g., caloric intake, micronutrient intake, etc.). As such,
although there is valuable insight to gain from these studies, when strictly speaking about
diet quality, only two of the papers investigated this issue (79,81) and its relation to
breakfast consumption.
The first study by Smith et al. (79) assessed the correlation between breakfast skipping
and healthy lifestyle scores, which was based on ten characteristics and behaviours, such
as eating ≥7 servings/day of vegetables and fruit, and eating fish or seafood ≥2
times/week (among others), while breakfast skipping was defined as whether or not
participants “usually” ate breakfast before school. The authors found that children who
skipped breakfast were significantly less likely to meet dairy recommendations, as well
as consume takeout two or more times per week, compared to children who usually ate
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breakfast. Perhaps surprisingly, there was no significant difference in the proportion of
children who met breads and cereals, vegetables, fruit, lean meat and alternatives, and
extra foods recommendations, when comparing breakfast skippers to consumers.
Additionally, the study did not control for caloric intake because this could not be
calculated from the food frequency questionnaire (FFQ) that was used, thus the caloric
intake between the two groups might not have been equal. This is problematic, as these
differences (and lack of differences) might solely be attributable to the quantity of food
consumed, as opposed to the inherent quality of the foods eaten.
The second paper by Ho et al. (81) was a cross-sectional study involving children in
grades 1 through 6 in Taiwan in 2001-2002. Children were asked about their usual
breakfast frequency, which was categorized into three groups: 0-4 times per week, 5-6
times per week, and 7 times per week. Diet quality was assessed via the Youth Healthy
Eating Index – Taiwan (YHEI-TW), of which scores 0-90 were possible, with higher
scores indicating a more optimal quality diet. This index score valued consumption of
whole grains, vegetables, fruits, and dairy, while awarding no points for foods such as
salty snacks, sugar sweetened beverages, and fried foods outside the home. Also,
behaviours such as having a family dinner which was prepared by a family member, and
breakfast consumption, were positively valued by this index. Recognizing that breakfast
consumers had an inherent advantage (since breakfast consumption was part of the index
score), the authors performed a sensitivity analysis, whereby breakfast scores were
removed from the analysis to ensure a fair comparison. The study found that those who
consumed breakfast 0-4 times per week had the lowest reported energy intake among all
groups, though this difference did not reach statistical significance (p=0.09), which might
be attributable to the possibility that teens who eat breakfast at least 4 days per week
might differ from those who skip breakfast every day.
Unlike the study by Smith et al. (79), Ho and colleagues (81) described nutrient intake as
a function of total caloric intake (per 1000 kcal), allowing for a more accurate depiction
of quality between equal energy diets (isocaloric). When comparing those who ate
breakfast 0-4 times per week to those who consumed breakfast 7 times per week, there
were no statistically significant differences with respect to protein, total fat, unsaturated
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fat, carbohydrate, fibre, iron, Vitamin E, niacin (Vitamin B3), pyridoxine (Vitamin B6),
Vitamin C and sodium. Those who ate breakfast 7 times per week had statistically
significant higher intakes of calcium, phosphorus, Vitamin A, riboflavin (Vitamin B2),
potassium, magnesium, and the YHEI-TW score (including the sensitivity analysis score,
which excluded points from breakfast). Interestingly, those who ate breakfast 7 times per
week also had significantly higher intakes of dietary cholesterol and saturated fat, the
latter of which has been associated with negative heart health outcomes (86).
A second systematic review by Rampersaud et al. (74) investigated breakfast habits and
nutritional status among children and adolescents. Nine studies investigated this
association, of which five of them focused specifically on adolescents. Of these five
studies, diet quality was higher among the breakfast consumers than the skippers, as all
five studies found significantly higher intakes of a host of micronutrients necessary for
proper health among consumers. However, it should be noted that all of these studies
measured diet quality as total intake (as opposed to percentage of energy), and every
study noted a significantly higher energy intake among breakfast consumers than
skippers. Breakfast skipping also had two separate definitions, as three studies classified
skippers as those who did not consume breakfast on the day of the dietary recall, while
the remaining two studies classified breakfast skipping as missing ≥1 breakfast meal in a
week. The lack of consistency in definitions is problematic and makes
generalization/pooling of findings less meaningful.
These two systematic reviews (74,78) represent important contributions to the growing
body of research surrounding breakfast consumption and diet quality among adolescents.
However, due to the focus of Monzani et al. (78) on metabolic syndrome (separate from
diet quality), and the temporal limitations of the systematic review published by
Rampersaud et al. (74) (where the most recent study reviewed was published in 2003), an
updated review is needed. The food environment is ever-changing, and since 2003,
Canada has gone through three revisions to the national food guide, which directs
Canadians towards eating a healthier diet (87). As such, a literature review was
conducted for all studies published investigating this association since 2003, as this was
the last date for which a systematic review specifically on this topic was undertaken.
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2.2

Methods

A search of PubMed, EMBASE and CINHAL was conducted in October 2019 for articles
comparing adolescents who skip breakfast to adolescents who consume breakfast, and the
dietary quality differences between the two groups, from 2003 to present day. Keywords
included the following: “breakfast”, “diet*”, “diet quality”, “adolescent”, “teen”,
“skipping”, and “skipper*”. The articles were reviewed for eligibility originally through
titles and abstracts, and full text if necessary. Articles comparing breakfast consumers
and skippers among the adult or childhood population were not included, unless
adolescents were also considered, as these age groups are less comparable to the study
population being investigated. Similarly, articles which investigated the association
between breakfast skipping and anthropometric/biochemical outcomes (e.g., obesity,
blood nutrient levels, presence of MetS), but gave no indication of dietary intake, were
excluded. Studies were also excluded if no English translation was available. No
restriction was placed on study design.

2.3

Results

A total of 40 studies were retrieved, which analyzed various measures of breakfast
skipping/diet quality among the adolescent population. A summary of these articles is
listed in Appendix A. Several themes became evident when examining these research
articles and are discussed below.

2.3.1

Breakfast Skipping Operationalized

Breakfast consumption had a variety of definitions among the studies reviewed. For
instance, while Affenito et al. (71) defined breakfast consumers as those consuming food
between the hours of 5:00 A.M. – 10:30 AM, Pereira et al. (88) defined consumers as
those consuming a meal during the hours of 6:00 A.M. – 9:59 A.M. However, all studies
which placed a temporal restriction on when breakfast could be consumed had ranges
between the times of 5:00 A.M. and 10:30 A.M. Sugiyama et al. (89) defined breakfast
skippers based on their weekly frequency, classifying skippers as those who consumed
breakfast <7 times per week, while Oba et al. (90) defined skippers as those consuming
breakfast <4 times per week. Some of the studies (e.g., Timlin et al. (91)) separated those
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who never consume breakfast from those who intermittently skip breakfast, while others
(e.g., Stockman et al. (92)) simply grouped the two together, making comparisons
between studies troublesome, due to differing definitions.
The most common definition of a breakfast skipper/irregular consumer, however, was a
dichotomous definition, whereby individuals stated that they consumed breakfast the
previous day, or that they did not (10/40, 25%). Other definitions included time
restrictions, energy restrictions (e.g. Drewnowski et al. considered intake below 50
calories insufficient to be classified as breakfast (93)), an ordinal scale where participants
agreed, disagreed or were neutral that they “often skip breakfast”, a cut-off for number of
days where an individual would be classified as a “skipper” or “consumer”, and finally,
analyzed as a continuous variable (where it was analyzed as the change in diet quality
expected for every one-unit increase in number of days breakfast which was consumed).
When a cut-off was applied, percentage of days skipped for a “skipper” ranged from as
low as 14.3% (skipped breakfast on 1 of the past 7 days) to 100% (skipped 100% of the
days for either the duration of the study, or the past week).
24-hour dietary recalls were the most commonly used measurement tools to assess
breakfast consumption, comprising 21/40 (52%) of studies, while Food Frequency
Questionnaires (FFQs) were the second most common, being utilized in 16/40 (40%) of
studies. These two tools are among the most frequently used means to measure dietary
intake in nutritional research, though other methods do exist (94). One benefit that FFQs
have over 24-hour recalls is their ability to capture multiple days of dietary intake, while
24-hour recalls are limited to previous day consumption. By inquiring about multiple
days, researchers get a clearer picture of an individual’s usual intake, rather than just the
previous day’s consumption, which may or may not have been an anomaly. This issue
can be dealt with by combining the two methods, and/or administering multiple 24-hour
recalls in order to capture multiple days’ intake.
One unique method which was used by Zakrzewski-Fruer et al. (95) involved the use of a
digital camera as a method of capturing dietary intake. This method has been utilized in
numerous studies (96–98), and a review published by Boushey et al. (99) found that when
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conventional dietary recall methods were supplemented with mobile technology (in the
form of pictures), the accuracy of true dietary intake was improved and underreporting
was diminished. Next, three studies used a food diary approach (95,100,101). Contrary to
24-hour recalls, which are retrospective in nature, food diaries are a prospective method
of determining dietary intake. The primary advantage that food diaries provide is that
participants do not need to rely on memory, as individuals can fill out the dietary record
shortly after, or as they are consuming foods and beverages, thereby increasing the
accuracy of the diet record (102). A second benefit food diaries offer is their enhanced
ability to provide contextual information, such as who they consumed the meal with, how
it was cooked, and the brand of food consumed, whereas these details might be missed
when utilizing a FFQ or a 24-hour recall.
Although food diaries offer numerous benefits to dietary recall, they also offer potential
challenges, and perhaps the most damaging is the impact it can have on an individual’s
usual intake. By prospectively measuring diet, individuals may alter their intake in order
to provide a more “nutritionally appealing” record, as they may be self-conscious of the
foods they usually consume (102). This can drastically impact results, as these diaries are
often utilized as a proxy measure for an individual’s usual intake and may give the false
notion that their diet quality is much better than what it truly is. A second problem is the
burden it places on individuals, especially if the diary is expected to be completed for
many days. Finally, food diaries also require good literacy and numeracy skills, which
can be problematic if the population under study is not familiar with cooking/preparing
meals (102).
In terms of the composition of breakfast, 8/40 studies (20%) analyzed Ready-To-Eat
Cereal (RTEC) consumers compared with other breakfast consumers and/or skippers, in
terms of their diet quality. Previous research has sometimes separated breakfast cereal
consumers from other breakfast consumers, as these individuals tend to have better
nutrient profiles (72), which is likely due to the fact that fortification of breakfast cereals
is a common practice, especially in North America (103). In Canada, it is permissible for
manufacturers to fortify the cereal with thiamin (vitamin B1), riboflavin (vitamin B2),
niacin (vitamin B3), pantothenic acid (vitamin B5), pyridoxine (vitamin B6), folic acid
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(vitamin B9), iron, magnesium, and zinc (a practice that many cereal manufacturers take
advantage of) (104). Additionally, because breakfast cereals are usually combined with
milk (or a non-dairy alternative), consumers also benefit from nutrients found in the milk,
including calcium, (potentially) protein, and vitamin D (105).

2.3.2

Diet Quality Operationalized

Diet quality was assessed in numerous ways, much like the various definitions of
breakfast skipping. The most common method of assessing diet quality was comparing
individual nutrient intakes between adolescents skipping breakfast and their breakfast
consuming peers (21/40, 52.5%). The nutrients which were most commonly significantly
different between skippers and those consuming breakfast (either RTEC-consumers or a
different breakfast) were total energy intake (calories), fibre, calcium, iron, folate, and
magnesium. However, there were a much larger number of nutrients found to be
significantly different between the two groups, as can be seen in Appendix A.
Energy intake was significantly different between skippers and breakfast consumers in 17
studies. Fifteen of these studies (93%) found that breakfast skippers consumed less
calories than those who consume breakfast. Importantly, this was even assessed in two
randomized controlled trials. In the first, Zakrzewski-Fruer et al. (95) assessed the impact
of breakfast omission on energy intake and physical activity in adolescent girls. This
study used food diaries and digital cameras to determine dietary intake and provided a
RTEC with 375 mL orange juice to the “standardized breakfast” (SB) group, and
instructed the “no breakfast” (NB) group to not have any energy-containing
food/beverages until after 10:30 AM. Those randomized to the NB group had
significantly lower intake of calories, carbohydrates, and fibre. The post-breakfast
consumption of the NB group was larger than the SB group, but only amounted to 25%
of the energy that the SB provided and led to a deficit of approximately 355 calories over
the day.
The second randomized controlled study by Leidy et al. (106) investigated the impacts
which a normal protein breakfast (NP) and a high-protein breakfast (HP) had on daily
energy intake among adolescents who were frequent breakfast skippers. The normal
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protein breakfast was comprised of 13g of protein and 350 calories, the high-protein
breakfast included 35g of protein and 350 calories, and the other group was randomized
to continue skipping breakfast. Skippers randomized to the high-protein breakfast
reduced their total caloric intake by 412 calories (± 228 kcal), while both the skippers and
normal-protein consumers increased their caloric consumption. However, whether this
increased caloric consumption resulted in increased intakes of other nutrients is unknown.
These two RCTs are important to highlight as they are regarded as the “gold standard”
for establishing causal inferences (107), and as such, may be the best method to ascertain
the impacts which skipping breakfast has on the diet quality of adolescents.
The second most common method of examining diet quality differences was via an index
score, of which the Healthy Eating Index (HEI; including variations of it) was the most
popular (5/12, 42%). The HEI is a validated measure which, in the case of HEI-2010,
relies on 12 principal components to assess adequacy of one’s diet: Total Fruit, Whole
Fruit, Total Vegetables, Greens and Beans, Whole Grains, Dairy, Total Protein Foods,
Seafood and Plant Proteins, Fatty Acids, Refined Grains, Sodium, and Empty Calories
(108). The former nine components add to one’s total score, while the latter three
(Refined Grains, Sodium, and Empty Calories) detract from one’s total score.
The second most popular index was the Nutrient Rich Foods Index-9.3 (NRF-9.3) which
was originally created to measure the nutritional value of foods, but has also been used to
measure diet quality (109). The NRF-9.3 is a ratio of intakes of nine nutrients that
individuals should be encouraged to consume (protein, fibre, Vitamins A, C & E, Ca, Fe,
Mg, K), to 3 nutrients individuals should limit (saturated fat, added sugar, Na),
transformed to a 1000 calorie intake (110). These nutrients were selected because
American diets tend to be low in the former nine listed, and high in the latter three (110).
Other indices included a Canada’s Food Guide Modified Diet Quality Index, the pro- and
non- Healthy Diet Indices (pHDI, nHDI), and a nutritional scale score. Among the 12
studies that utilized an index, the sole study which did not find a significant improvement
in diet quality with increasing breakfast consumption used the pHDI and nHDI (111).
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2.3.3

Country of Study

Of the 40 studies identified, there were 22 different countries where breakfast
consumption’s impact on diet quality was assessed, and because some studies were
performed in multiple countries, there were 49 unique instances of locations where the
research was conducted. The most common country where this research was undertaken
was in the United States (11/49, 22.4%). All 11 of the studies performed in the United
States found significant differences in diet quality favouring adolescents consuming
breakfast more frequently, compared to their peers who consumed breakfast less
regularly, despite using various definitions of breakfast consumption and methods of
assessing diet quality.
The second most common country assessing the relationship between diet quality and
breakfast skipping was Canada (7/49, 14.3%). All 7 Canadian studies found at least one
significant difference in diet quality favouring adolescents who consumed breakfast
compared to those who did not. The significant associations were found regardless of
whether an index score was used to measure diet quality, or whether the focus was on
specific nutrients.

2.3.4

Diet Quality as a Function of Calories

18/40 studies (45%) analyzed diet quality as a function of calories, all of which
demonstrated at least one significant difference in diet quality favouring breakfast
consumers compared to skippers. Four of these studies only partially controlled for
energy intake, focusing on macronutrients such as protein, carbohydrates, fat, and fibre
(among others), comparing skippers to consumers based on percentage of energy
stemming from these nutrients. The remaining 14 studies investigated diet quality via an
index score or both macro- and micronutrient intake, while adjusting for energy intake.
This is noteworthy because due to the various definitions of diet quality, caloric intake
could presumably be recognized as a confounding variable, having been identified as
significantly lower in breakfast skippers than consumers in 15/20 (75%) studies which
examined energy intake. Of the other 5 studies, 2 found skippers to have higher energy
intakes, and 3 found no significant differences.
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Taken together, most studies (22/40, 55%) investigated diet quality, yet did not control
for calories, even though most studies which investigated energy intake found that
skippers consume less. While not eating enough is problematic (especially during
adolescence, an important growth period), it does not necessarily mean food choices are
poorer. However, the studies that did control for calories still found significant
differences in key nutrients/food choices/index score, indicating that perhaps breakfast
skippers are making poorer choices in the reduced food they do consume.

2.4

Discussion

The purpose of this literature review was to examine research which has investigated the
potential association between breakfast skipping and diet quality among adolescents.
Overall, 39/40 (98%) studies found at least one significant benefit to diet quality among
those consuming breakfasts regularly compared to those who consumed breakfast
sparsely, if ever. Importantly, no study demonstrated significant improvements in diet
quality (beyond a handful which showed reduced caloric, sugar, and saturated fat intake),
thereby providing convincing evidence that at the very least, skipping breakfast does not
appear to improve diet quality.

2.4.1

Canadian Context

While 98% of studies found a significant benefit to diet quality with breakfast
consumption, it should be noted that these studies were performed in 22 different
countries, and only 7/40 were performed in Canada (17.5%). This is important to note as
the food environment can differ drastically depending on the location under study, and
while research from other countries is useful, in order to accurately assess the relationship
between these two variables in a Canadian context, research from Canada is necessary.
Furthermore, if we classify diet quality as any measure which controls for total caloric
intake (as not doing so would be biasing those who consume more calories), there are
only three studies which were conducted in Canada retrieved by this review (5,72,112).
This is an extremely important distinction in determining whether breakfast skipping
leads to unhealthier food choices, or rather, if it is simply a question of quantity.
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All three studies which controlled for calories and examined breakfast skipping’s impact
on diet quality in Canadian adolescents (5,72,112) found multiple significant differences
in nutrient intake, favouring breakfast consumers. This suggests that on a per-calorie
basis, Canadian adolescents who are consuming breakfast may be making healthier food
choices throughout the rest of the day, despite consuming more calories than their
breakfast skipping counterparts. Still, it should be noted that, although some associations
were statistically significant, the magnitude of the actual differences were often minimal.
For instance, Barr et al. (72) investigated CCHS data and found the following differences
between skippers and those consuming a non-RTEC breakfast: 3g of sugar, 1.3g of
saturated fat, 1.7g of fibre, 0.7mg of iron and 68 mg of calcium. To put these numbers in
perspective, this equates to 6.5% of the recommendation for fibre (for females), 6.4% of
the recommendation for iron (for males), and 5.2% of the recommendation for calcium.
Simply put, this study showed that adolescents who ate breakfast were, on average, about
6% closer to meeting the Dietary Reference Intakes (DRI) for a host of nutrients.
Consequentially, while these differences are statistically significant, it could be argued as
to whether these differences are truly meaningful. If we were to apply Health Canada’s
“rule of thumb” which states that foods which contain 5% of the daily value or less of a
nutrient would be considered “a little”, and if it contained 15% or more of a nutrient it
would be considered “a lot” (113), 6% is much closer to “a little”, suggesting that these
differences are not very large.
The second Canadian study which controlled for calories was also by Barr et al. (5) and
used 2015 CCHS-Nutrition data. In this study, skippers consumed less nutrients,
including three of the nutrients in the previous study (fibre, calcium, iron). Although the
study controlled for calories in a regression analysis, the point estimates displayed were
unadjusted averages. According to these unadjusted estimates, skippers consumed 311
calories less than consumers. Through the process of adjusting for caloric intake,
(whereby, if skippers were to consume as many calories as breakfast consumers),
skippers would have eaten 2 grams less of fibre (7.7% of the RDA), 100 mg less of
calcium (7.8% of the RDA), and 0.4 mg less of iron (3.6% of the RDA). These numbers
closely resemble the previous study, further adding confidence to the notion that on a percalorie basis, diet quality is relatively comparable between the two groups, though
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consumers do have a slight advantage. As previously noted, however, these numbers are
unadjusted differences, and factors such as sociodemographic status were not considered.
While there is research to suggest that teens who skip breakfast are more likely to be of a
low socioeconomic status (114), it is unclear how these numbers would differ if
covariates were included.
In the third Canadian study which measured diet quality as a function of calories, Storey
et. al. (73) found that adolescents with superior diet quality (measured as a food-based
diet quality index reliant on Canada’s Food Guide servings) had significantly higher
breakfast consumption. The study used an ordinal scale, whereby “1” meant adolescents
never consumed breakfast, “2” meant adolescents only ate it on the weekends, “3” meant
less than half of the week, “4” was more than half of the week, and “5” was every day.
While this difference was statistically significant, the magnitude of this difference is
relatively small, suggesting that breakfast consumption did not appear to be a major
contributor to one’s diet quality.
Finally, there was an additional Canadian study by Stockman et al. (92), which, although
it did not control for calories, found no significant differences in energy intake between
adolescent males (aged 14-18 years old). Males who skipped breakfast on at least one of
the three days had significantly less iron intake (2.9 mg less, which equates to 26% of the
RDA) than males who consumed breakfast on all 3 days. While this is arguably both
significant and meaningful, other nutrients (including protein, saturated fat, fibre,
calcium, and sodium) were measured as well, but none were statistically different. This,
again, gives credence to the notion that on an isocaloric diet, the quality of skippers and
consumers’ diets is relatively comparable. It should be noted that this study was only
conducted in male participants, and therefore, generalizability to females cannot be made.
Additionally, intakes of other important micronutrients (e.g., potassium, vitamins B1, B2,
B3, vitamin A, zinc, magnesium, etc.) were not reported, and thus, it is uncertain of
whether they were lower in skippers.
The remainder of the Canadian studies did not control for calories, and perhaps
unsurprisingly, all found significant differences in diet quality when comparing skippers
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to consumers (Appendix A). Therefore, these studies do not allow us to disentangle the
effects that higher caloric intake has on increased nutrient status. Nonetheless, they
provide evidence that Canadian adolescents who skip breakfast consume lower quality
diets, which, on average, are lower in calories.

2.4.2

Study Design

All but two of the studies were of cross-sectional design (38/40, 95%). This is important
to note because a key limitation of these studies is their lack of ability to determine causal
relationships. Therefore, the argument that skipping breakfast causes poor diet quality
can equally be reversed by suggesting those who have poor diet quality (i.e., choose
lesser nutritional foods) are more likely to skip breakfast. Indeed, according to Hill’s
Criteria for Causality (115), temporality is essential when determining whether the
exposure (breakfast consumption) causes the outcome (diet quality).
While not the purpose of this review, it would be an oversight to not ignore the consistent
finding that breakfast skippers tended to be more overweight/obese than their
counterparts who consumed breakfast more frequently. It is plausible that these
adolescents became obese from having a poor quality diet (116), which has been
associated with skipping breakfast (78,92,117). However, because of the cross-sectional
design of these studies, it is also plausible that obese individuals are consuming less
calories (in an effort to reduce weight), leading to reduced nutrient intake, which is then
reflected as “poor” diet quality by the numerous studies which did not control for caloric
intake.
With the limitations of these cross-sectional studies in mind, it is important to discuss the
two randomized controlled trials which were included in this literature review.
Zakrzewski-Fruer et al. (95) found significantly lower intakes of calories, carbohydrates,
protein, and fibre among adolescent girls who skipped breakfast compared to those who
did not. Conversely, fat intake, fruit and vegetable consumption, and high fat and sugary
snack consumption were not significantly different between the two groups. On a percalorie basis, protein consumption was almost identical (0.3g difference), although
carbohydrate and fibre were still lower, and fat (as a percentage of energy) was larger.
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This suggests that omission of breakfast resulted in a net decrease of energy (as physical
activity was also not significantly affected), although the impact on micronutrient intake
was unclear, as authors did not report intake of these nutrients. The decreased fibre intake
(even when calories were controlled for) is concerning, since fibre has been shown to
protect against constipation, hypertension, diabetes, and various cardiovascular diseases
(118).
The second randomized controlled trial by Leidy et al. (106) found that among breakfast
skippers who consumed a high-protein breakfast, caloric intake was reduced by 412 (±
228) calories, while those who continued to skip breakfast actually consumed more
calories (372 ± 178 kcal) when compared intra-individually (pre- and post-trial). This is a
substantial amount of calories, considering a common rule of thumb is to reduce caloric
intake by 500 calories per day in order to lose 1 lb. of body weight per week (119). It is
unclear why breakfast skippers who continued to skip breakfast would increase their
intake (as they were the control group), although it may be due to random day-to-day
variation, and the fact there were only nine individuals in the control group. Nevertheless,
the study demonstrated that a high-protein breakfast might reduce total caloric intake,
despite evidence gathered from multiple cross-sectional studies suggesting the opposite
(i.e., breakfast increases caloric intake for the day). However, it is unclear how other
nutrient intakes were affected by this reduction in caloric intake.
In conclusion, while the cross-sectional studies retrieved in this review seem to arrive at
the same conclusion, the two randomized controlled trials appear to contradict each other
in terms of energy intake, and with only one measuring other nutrient intake, any
conclusions would be speculative at best. It is interesting, however, that ZakrzewskiFruer et al. found no significant differences in fat intake, fruit and vegetable
consumption, and high fat and sugary snack consumption. While it would be much more
convincing if both randomized controlled trials showed that diet quality decreased with
less breakfast consumption, the present results do not support that notion, especially
considering that neither study investigated micronutrient intakes.
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2.4.3

Ready-To-Eat Cereals (RTEC)

Six studies directly compared RTEC consumers to breakfast skippers, all of which found
cereal consumers to have significantly higher energy intakes, as well as in a multitude of
other nutrients. Common nutrients that were found to be significantly lower in the
skippers’ diets included: calories (6/6 studies that analyzed energy found it to be
significantly lower compared to consumers), fibre (6/6 studies), vitamin A (4/4 studies),
vitamin B1 (4/4 studies), folate (4/4 studies), calcium (5/5 studies), iron (5/5 studies), and
magnesium (4/4 studies), among others. Unsurprisingly, these nutrients are commonly
found in breakfast cereals, although it is unclear how much of these intakes are
attributable solely to eating a breakfast cereal. Interestingly, no study demonstrated a
significant reduction among skippers in nutrients health professionals recommend
limiting such as saturated fat, sodium and cholesterol (even when caloric intake was not
controlled for). This finding suggests that despite consuming less calories, skippers are
still consuming foods high in these nutrients which Canadians should limit, yet not
consuming as many foods which contain nutrients that most Canadian teens do not get
enough of (120).
In terms of macronutrients, RTEC consumers tended to eat more carbohydrates/less fat
(both total, and as a percentage of calories), more total sugars, and more fibre. Two
studies also assessed added sugars, and one found that skippers consumed more, and the
other found no significant difference. The distinction between added sugars and total
sugar is important, as many foods considered ‘healthy’ such as fruits or whole grains
contain natural sugar (121). Conversely, added sugar is found in foods where sugar has
been added, such as soft drinks, cakes, or cookies, and is almost always a negative
contribution to one’s diet quality. Therefore, while RTEC consumers tended to consume
more total sugar, it is unclear whether this was a negative contribution to their diet
quality, as it is indeterminate where the source of sugar stems from, hence the usefulness
of assessing added sugar as well.
Overall, it appears that RTEC consumers generally have a superior diet quality compared
to breakfast skippers, but whether this is solely due to the consumption of breakfast is
uncertain. Breakfast skippers consumed more total fat, and a diet that is likely lacking in
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nutritious foods (represented by lower potassium, folate, fibre, vitamin A, numerous B
vitamins, calcium, iron, and magnesium intakes). These nutrients are necessary for proper
growth, especially during a critical period such as adolescence, and importantly, it
appears that simply eating more food is not the issue when comparing RTEC consumers
to skippers, as quality per calorie was still poor for those who routinely skipped breakfast.
Whether this was an issue of residual confounding, or the absence of breakfast potentially
causing a favourability for less nutrient dense foods is unclear. Furthermore, as a number
of studies reported the unadjusted mean intakes, and only provided significance values
(i.e., no predictive values), it is unclear of the magnitude of the difference between RTEC
consumers and breakfast skippers (in terms of their nutrient intakes), when confounders
had been adjusted for.

2.4.4

Diet Quality Indices

Numerous indices were used to assess diet quality in the articles retrieved. While a diet
index misses nuances such as whether individual nutrients are lower or higher in
individuals, it is a convenient method of evaluating diet quality, as it provides an
aggregated score, making comparison between groups easier and less subjective. For
instance, breakfast skippers have sometimes been found to have lower sodium intake (71)
(generally considered a nutrient to limit) (109), but also lower fibre intake (a nutrient
which Canadians do not consume enough of) (122), making it challenging to determine
which diet is superior in quality. By the same notion, if an individual consumes more
fruits and vegetables, but also more sugar sweetened beverages than another individual,
arguments could be made on either side for which one has the “healthier” diet. Hence,
use of validated index scores makes interpretability much easier and more objective, at
the expense of more in-depth information.
The Healthy Eating Index is one of the most popular diet index scores used, and indeed,
if we include variations of it, it was used in 5/12 studies (41.6%) which utilized an index
score. All five studies found significant differences in scores between those who
consumed breakfast and those who did not, though some of these differences are
subjective in terms of whether they are meaningful or not. For example, Hopkins et al.
(77) found that for a 1-unit increase in breakfast frequency (max of 7), diet quality (as
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measured by HEI-2010) would be expected to increase by 0.7 points. As such, if we were
to compare individuals who skipped 7 days per week to those who consumed breakfast
every day of the week, the score would expect to differ by about 5 points. To put this in
perspective, the average HEI-2010 score was 55 (out of a max of 100), making this an
increase of about 9%. Of course, given the cross-sectional design of the study, it cannot
confidently be argued that a breakfast skipper who begins consuming breakfast every day
will improve their diet quality by 9%, however, it is plausible.
Interpretation of this finding is problematic as well, since diet quality is not commonly
thought of as a continuous variable, unless examining specific nutrients, making the
statement “breakfast consumers have 9% better diet quality than skippers” somewhat less
meaningful, as it is unclear how this translates to their actual nutrient intake. To put this
difference into perspective, 5 points on the HEI-2010 score represents the following
difference for a 2000 calorie diet (any one of the following) (123): ½ of a large apple, 1
banana, 1 orange, 1.5 cups of 100% fruit juice, 1 cup of milk, or 1 slice of whole grain
bread. While all these foods represent a significant contribution to one’s daily diet, they
are arguably small differences, suggesting that breakfast consumers appear to have a
slight advantage in diet quality over breakfast skippers.
There were two studies which used the Canadian Healthy Eating Index (HEI-C). The
HEI-C is an adapted version of the Healthy Eating Index (which was created by the
USDA), in an attempt to relate it more towards Canadian recommendations. Both studies
using HEI-C found significant differences in diet quality among those who consumed
breakfast regularly and those who did not. Woodruff et al. (124) found that skippers had
significantly lower mean HEI-C scores than consumers (64 ± 14.0 versus 71 ± 12.4).
Another study by Woodruff et al. (125) found similar results, concluding that breakfast
skippers were 2.78 (95% CI: 1.92 - 3.85) and 1.82 (95% CI: 1.15 - 2.86) times more
likely to have a poor diet quality compared with those eating breakfast at home with
family and those eating a meal at home which was bought at a convenience store/vending
machine/other, respectively. It is not surprising that those consuming breakfast at home
with their family would have better diet quality, as previous research has demonstrated
this positive association (126,127), and the authors speculate that it may be related to the
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supportive role which parents have in encouraging their teens to consume breakfast.
Finally, an important distinction should be made, that while the HEI-C is adapted from
the Healthy Eating Index, HEI-2010 controls for energy intake, while the HEI-C does
not.
A separate index, labeled the Nutrient-Rich Food Index 9.3 (NRF-9.3), was used by three
studies to determine the nutritional adequacy of breakfast skippers compared to
consumers. As previously mentioned, the NRF-9.3 is a subtraction of percentages (%
RDA) of one’s intake of protein, fibre, Vitamins A, C & E, calcium, iron, magnesium,
potassium, minus saturated fat, added sugar, and sodium, normalized to a 2000 calorie
intake. Similar to the Healthy Eating Indices, the NRF-9.3 is able to measure diet quality
while adjusting for caloric intake, thereby separating the effects which the quantity of
food consumed could have. All three studies found significantly lower scores among
skippers. Murakami et al. (75) found that when comparing NRF-9.3 scores of Japanese
adolescent breakfast skippers to consumers (12-17 years old), consumers had
significantly higher scores (637 ± 4 compared to 543 ± 22). This difference shows that,
on average, consumers had approximately 17% higher diet quality scores compared to
skippers. This difference resembles the variation in diet quality scores which was found
by Hopkins et al. (77), despite using a separate index, further adding credence to the
finding that breakfast consumers enjoy a slight advantage in diet quality, when compared
to consumers. It should also be noted that this study (n=1134) found that 97.4% of
adolescents consumed breakfast, and only 30 teens skipped breakfast. While this study
demonstrated significant benefits to consuming breakfast, 30 individuals may not be
enough to adequately draw conclusions about those who skip breakfast.
In the second study, Barr et al. (5) found that Canadian teens (13-17 years old) who
consumed breakfast had an NRF-9.3 score 70 points higher than those who skipped
breakfast (499 vs. 429, respectively), which equates to a 16% higher diet quality score. It
should also be noted that the presented means were not adjusted for any covariates, but
seem to be in line with other research (75,77). Finally, Drewnowski et al. (93) found that
American adolescents who ate breakfast had NRF-9.3 scores 80 points higher (407 vs.
327) when compared to their counterparts who skipped breakfast, which amounts to a
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24% higher diet quality score. These differences convey that consumers tend to enjoy
higher diet quality scores, as measured by the NRF-9.3.
Although it is true that Wadolowska et al. (117) did not find a significant difference in
neither the pro-Healthy Diet Index (pHDI) nor the non-Healthy Diet Index (nHDI) scores
of frequent skippers compared to never skippers, there was a significant difference in
pHDI score between those skipping breakfast “a few times a week” compared to never
skippers. The mechanism by which those who skip breakfast “a few times a week” would
result in poorer diet quality (compared to never skipping), yet the effect be attenuated if
an individual skipped every day of the week is unknown, and is likely a result of a
spurious relationship. This index is similar to the HEI-C and HEI-2010, as it does not
quantify individual nutrients, yet relies on the frequency of actual foods consumed, which
included dairy products, fish, vegetables and fruit (for the pHDI score), as well as fast
foods, sweetened carbonated drinks, energy drinks, and sweets or confectionery for the
nHDI score. Interestingly, unlike the HEI-2010 or HEI-C, this index does not give any
points for consumption of whole grains, despite them representing 25% of the plate on
the 2019 Canada’s Food Guide (128). Whether this unmeasured variable played a role in
the non-significant findings is unknown, but it is certainly a plausible explanation.
In a near-consensus, breakfast consumers scored significantly higher on diet quality
indices (regardless of the index used) than their breakfast-skipping peers. While some of
these indices favour those with a higher caloric intake, even when energy was equal
between the two groups (e.g., Hopkins et al (77), Drewnowski et al. (93)), diet quality
was still higher among consumers. These indices are a convenient method of
summarizing an individual’s entire diet in one value, although at the expense of
information on individual nutrients. When combined with an individual’s regular nutrient
profile, these nuances can be teased apart to determine where significant differences in
scores can be attributed to. Their use in evaluating “diet quality” is an accepted and
validated method, and while all offer advantages and disadvantages, there is no clear
“gold standard” that is widely accepted.
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2.5

Conclusions

The purpose of this review was to assess the literature and examine specific nuances of
the proposed relationship between breakfast skipping and diet quality, as well as to assess
the most common methods of defining breakfast skipping and diet quality. Based on the
results of this review, adolescent breakfast consumers have significantly higher energy
and diet quality, regardless of the dietary recall measure used, location of study, or the
definition of breakfast utilized. However, these differences in diet quality vary in
magnitude, and there appears to be a paucity of Canadian studies, especially those which
control for caloric intake when measuring diet quality. Additionally, there does not
appear to be a “gold standard” that all studies were congruent upon in terms of a
breakfast definition, nor the mechanism by which to define diet quality (or, if an index is
used, which one is preferred). The primary tools used to assess dietary intake were food
frequency questionnaires (FFQs) and/or 24-hour recalls, which are two of the most
popular methods for assessing diet quality (94), suggesting that either are acceptable
methods for assessing intake.
Study design appeared to have an impact on findings, as both randomized controlled
trials included in this review came to different conclusions regarding whether
consumption of breakfast would be expected to increase or decrease energy intake. These
contrasting findings make it difficult to confidently determine whether breakfast results
in a net gain or loss of calories (and by extension, the impact on diet quality). Finally,
RTEC consumers appeared to have superior diet quality compared to other breakfast
consumers, and skippers, which could potentially be attributable to the numerous
fortifications of nutrients allowed to cereal manufacturers (104).
In conclusion, while this review provides compelling evidence that breakfast
consumption is positively associated with diet quality, there appears to be minimal
Canadian literature on this topic while considering diet quality as a function of calories.
Indeed, of the forty studies retrieved from this review, only four used Canadian data and
considered energy intake when measuring diet quality. While these studies were largely
congruent in their findings, the variations in definitions for diet quality and breakfast
skipping make estimations on the magnitude of difference in diet quality of skippers and
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consumers troublesome. Accordingly, this thesis sought to consider diet quality as a
function of calories within a Canadian context, utilizing numerous definitions of skipping
and diet quality, to examine whether the posited association between consuming
breakfast and diet quality remains.
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Chapter 3
Methods

3

This chapter discusses the methodologies chosen for the current thesis, including the
source of data used, measurement tools utilized, definitions for all variables included in
analysis, and which statistical analyses were used for each model. This chapter also
discusses the issue of missing data and rationale for how it was treated.

3.1
3.1.1

Data
The SmartAPPetite Project

The SmartAPPetite Project is an ongoing study in London, Ontario and surrounding
areas, focused on improving adolescents’ diet quality, food purchasing behaviours, and
food knowledge. SmartAPPetite is a smartphone-based app which sends users multiple
daily messages on a variety of topics related to nutrition, such as cooking tips, reading
food labels, and information on a variety of different foods and nutrients. Every message
is paired with recipes (related to the topic of the message) as a means of providing users
with the tools necessary to apply the knowledge they are learning. In addition,
SmartAPPetite can also influence point-of-purchase decisions by sending messages to
users when they enter within certain buffer zones of food vendors. This is used to gently
nudge users towards choosing healthier choices when they are dining out at locations
such as fast food restaurants, while also encouraging users to seek out local food vendors
near them.
Every SmartAPPetite message is reviewed by a registered dietitian to ensure the content
is evidence-based and appropriate for the study’s population (i.e., promoting healthy
habits and focusing on their short-term benefits, rather than disease prevention). The
project is currently in year 3 of a planned 5, having been successfully completed in
numerous high schools in London, Ontario, and surrounding areas. Participants are asked
to use the phone app for 12 weeks (as a recent systematic review found this period to be
ideal in order to modify dietary behaviours (129) and rate messages’ perceived usefulness
via the app. Dietary recall information and nutrition knowledge were measured at
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baseline, 3 months (study completion), and 3 months post-study completion to measure
the impacts of the intervention and to determine whether benefits are retained post-study.
This thesis used baseline data from participants previously recruited for the
SmartAPPetite study, which was collected by members of the Human Environments
Analysis Laboratory (HEAL) at The University of Western Ontario.

3.1.2

Recruitment

The primary study population are adolescents aged 13-19 years old enrolled in secondary
schools within the London District Catholic School Board (LDCSB) in the Southwestern
Ontario counties of Elgin, Oxford, and Middlesex. All students from the eight schools
(St. Antoine Bessette, St. Thomas Aquinas, Catholic Central, Mother Teresa, John-Paul
II, Holy Cross, Regina Mundi, and St. Joseph’s) were invited to participate and some
were asked to be controls (whereby, students were not informed of the app,
SmartAPPetite). However, for purposes of this current cross-sectional study, only
baseline information was used, regardless of whether the school was an intervention or
control school, as neither had received the intervention at that point.
Initially, each school’s principal was approached, and once permission had been granted,
a small group affiliated with the SmartAPPetite project would present to teachers and
staff at their pre-school year staff meeting and introduce the project. Permission was
given in 100% of the schools approached. Once teachers had been made aware of the
study, members from the HEAL returned to the school on a separate day and gave
multiple short speeches to each classroom. Students were then asked if they would like to
participate, and if so, were given a sheet requesting parental consent (unless the student
was 18 years of age or older), and information regarding the project. Once students had
returned the signed consent form, they were then enrolled in the project and were
informed they could withdraw at any time. Students were told the days that the
SmartAPPetite team would be returning (to gather diet recall information, and test
nutritional knowledge), and both students and teachers were informed it would take 3060 minutes of class time.
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3.1.3

Measurement Tools

The first measurement tool participants were asked to fill out was a youth survey, which
asked questions regarding their demographics, self-reported health, and various dietary
behaviours (e.g., allergies/intolerances, frequency of fast-food consumption, how often
they help prepare meals). Pertinent to the current study, students were asked whether they
had consumed a breakfast, and if so, where, for each day of the previous week (MondaySunday). Additionally, food knowledge was tested within the youth survey, and included
questions such as nutrient content of foods, properly reading a food label, and what health
experts recommend/do not recommend (e.g. “how often do health experts recommend
individuals consume fish, per week?”). These questions were adapted from a previously
validated survey (130,131), and the survey was completed by participants at all three
timepoints (baseline, 3 months, and 6 months).
The second measurement tool was a parent survey that parents of the participants were
asked to fill out. This survey included questions regarding age, gender, employment
status, income, and family meal habits among others, and was sent home with the teens
once they had consented to participate in the study. Unlike the youth survey, parents were
only asked to fill out this survey at baseline, as the primary sample under study was the
students.
The third measurement tool used was a 24-hour recall, intended to capture the diets of
participants. 24-hour recalls are frequently utilized in nutrition research and are a
validated measurement tool used to capture one’s usual dietary intake (132). The
Automated Self-Administered 24-h Dietary Assessment Tool (ASA24®) (133) was used
to capture each participant’s intake, as traditionally, 24-hour recalls require a trained
interviewer for each individual participant (134), which was not a feasible option for the
current study given the number of participants. ASA24 is a free, web-based tool that
allows respondents to fill out a 24-hour recall without the requirement of an interviewer,
instead providing multiple prompts to participants to help recall accuracy. Developed by
the National Cancer Institute, ASA24 uses an Automated Multiple-Pass Method
approach, which was developed by the United States Department of Agriculture (USDA)
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(135), and is used in epidemiologic studies such as the National Health and Nutrition
Examination Survey (NHANES) (136).
The first step of the Automated Multiple-Pass Method is unstructured, simply inquiring
about which foods and beverages were eaten and consumed throughout the day, while the
next three steps inquire about specifics, such as the amount, cooking method, frequency,
location, and so on. The final step is intended as a probing step, whereby participants are
asked about commonly forgotten foods/beverages, and any long periods of time without
reported meals or snacks are verified to be true, among other prompts. This method is
intended to gather as much information as possible, without the burden of requiring a
trained interviewer for each dietary recall.

3.1.4

Incentives

Due to the time commitment expected of the participants, a $10 Amazon gift card was
awarded to those who filled out the first round of surveys, and $15 Amazon gift cards
were provided for the final 2 rounds of the surveys. Participants were also notified of a
raffle which would be held, where those who interacted most with the app would have a
higher probability of being selected to receive one Apple MacBook Air® laptop.
Participants were also notified that those who did not fill out all three rounds of the
surveys would not be eligible for the draw, although they would still be given the
Amazon gift cards for the surveys they did fill out.

3.2

Measures

Numerous variables were considered during statistical analyses, and a full list of how
each variable was measured and its derivative survey question can be found in Table 3-1.
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Table 3-1: Variables Description
Variable

Type of
Variable

Definition

Habitual Breakfast Skipper

Binary

Skipped ≥ 4 days in previous week (yes/no)

Skipped Day of Recall

Binary

Reported breakfast on ASA24 (yes/no)

HEI-2015 Score

Continuous

Diet quality score per 1000 calories

Predicted Nutrient Intakes

Continuous

Obtained via ASA24 & multivariable linear regressions

% Nutrients from Breakfast

Continuous

Nutrients eaten at breakfast were divided by total daily nutrients

Age

Continuous

Obtained via youth survey

Gender

Binary

Male/female/other. Non-binary individuals did not report a valid
diet recall or had missing data and were excluded from primary
analysis

Ethnicity

Binary

White/non-white

Vegetarian Status

Binary

Vegetarian (yes/no)

Median Household Income

Continuous

Measured per $10,000 increase

Parental Highest Education

Ordinal

“High school or less”, “Some postsecondary, but less than
bachelor’s degree”, “Bachelor’s degree”, and “Greater than
bachelor’s degree”

Importance of Eating
Healthy

Ordinal

Likert scale ranging from “Strongly disagree” to “Strongly agree”

Physical Health

Ordinal

Likert scale ranging from “Poor” to “Excellent”

Mental Health

Ordinal

Likert scale ranging from “Poor” to “Excellent”

Physical Activity

Count

Options included range from 0 to 7 days

Nutritional Knowledge
Score

Count

Obtained via youth survey
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3.2.1

Independent Variables

The first variable investigated was whether an individual was a habitual breakfast skipper
or not, which was determined via the youth survey. This has been investigated previously
(see Appendix A), with most studies finding that breakfast skippers have lower diet
quality than consumers. However, there has been no congruence in what cut-off to apply
to define who is a “breakfast skipper”. As such, for purposes of this thesis, a breakfast
skipper was defined as anyone who routinely skipped breakfast at least 4 or more days
per week. This cut-off was decided on because individuals who skip four or more days of
the week skip breakfast more often than they consume it. Breakfast skipper status was
defined as a binary variable, where individuals were classified as habitual skippers or
habitual consumers. In a sub-analysis, this variable was expanded to compare individuals
who consumed breakfast every day in the previous week to those who skipped at least
once, to see if results differed, depending on the definition of a “breakfast skipper”.
One limitation of this predictor is that it does not measure whether individuals skipped
breakfast the day of the dietary recall. This is somewhat problematic, as the act of
breakfast skipping would be expected to enact its effects on diet quality for the day which
breakfast was skipped, not necessarily future dates. As such, a second independent
variable was also investigated, which is whether individuals reported breakfast on their
24-hour recall or not. A cut-off of 50 calories was chosen for an energy restriction, as any
food/beverage consumed which is less than this amount would have a negligible impact
on one’s nutrient intake and was not deemed enough food to constitute having a
breakfast. This cut-off has been previously used by Drewnowski et al. (93). No temporal
restriction was placed upon breakfast, leaving it up to the participant’s discretion to
determine what they considered to be their breakfast. This lack of temporal restriction is
commonly used in previous research, and while some studies have implemented temporal
restrictions (71,88,95), they are often varied, and no consensus has been reached on what
timeframe represents “breakfast time”.
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3.2.2

Outcome Variables

The first outcome assessed was the Healthy Eating Index 2015 score (HEI-2015), which
was the primary outcome for the current research study, with all others being identified as
secondary. The Healthy Eating Index was developed in 1995 by the USDA, and after
revisions to its scoring in 2005, has been a joint effort with the National Cancer Institute
(NCI) (123). The HEI-2015 is the latest iteration, and scores individuals’ diets based on
consumption of total fruits, whole fruits, total vegetables, greens & beans, whole grains,
dairy, total protein foods, seafood and plant proteins, fatty acids, refined grains, sodium,
added sugars, and saturated fats per 1000 calories (123). Because HEI-2015 scores are
measured on a “per calorie” basis, it allows for the important distinction between diet
quality and diet quantity. Additionally, HEI-2015 sub-scores for each category were also
investigated, to better understand differences in food group intakes between skippers and
consumers.
It should be noted that the HEI-2015 was designed around the United States’ 2015
Dietary Guidelines for Americans (DGAs), and not necessarily designed to assess diet
quality in Canada. An adaptation for Canada, a Canadian Healthy Eating Index (HEI-C)
was developed by Jessri et al. (137) based on the HEI-2010, though this index does not
consider nutrients as a function of calories; hence, it cannot accurately distinguish
between diet quality and quantity. Additionally, ASA24 reports do not provide the
needed information for HEI-C scores to be calculated. As such, the HEI-2015 was
decided upon to be the primary index score utilized to assess differences in diet quality
between those who skipped breakfast and those who consumed it.
The second outcome assessed was predicted nutrient intake of those who did not report a
breakfast on their dietary recall vs. those who did report a breakfast. Pertinent nutrients
assessed included the following: calories, protein, total fat, total carbohydrates, total
sugar, fibre, calcium, iron, magnesium, potassium, sodium, zinc, vitamin C, thiamin
(vitamin B1), riboflavin (vitamin B2), niacin (vitamin B3), pyridoxine (vitamin B6),
folate (vitamin B9), cobalamin (vitamin B12), vitamin A, vitamin E, vitamin K, saturated
fat, total monounsaturated fat, total polyunsaturated fat, eicosapentaenoic acid (EPA),
docosahexaenoic acid (DHA), choline, and added sugars. Predicted nutrient intakes were
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investigated in addition to index scores, in order to further investigate the differences
between those who consumed breakfast and those who did not.
The third outcome assessed was an unadjusted analysis among people who consumed
breakfast, investigating what percentage of individuals’ daily nutrients were consumed at
breakfast. This was important to investigate to answer the overarching research question
more accurately, which is evaluating the importance of breakfast in terms of diet quality.
For example, if some nutrients were consumed very sparsely or in excess at breakfast, it
could be argued that the role breakfast plays in improving diet quality might be more or
less important than once thought. Unfortunately, there are no universally accepted
guidelines that currently exist which suggest how much of certain nutrients should be
consumed at breakfast for a healthy diet, and as such, interpretation of the resulting
percentages is somewhat subjective. However, results from this analysis were compared
to recommendations made by various health organizations and nutrition professionals.

3.2.3
3.2.3.1

Demographic/Socioeconomic Status Variables
Age

Age was obtained via the youth survey and was measured as a continuous variable.
Participants’ ages ranged from 13-19 years old.

3.2.3.2

Gender

Gender was obtained via the youth survey, and participants were given the option of
male, female, or a free-text box, allowing them to self-identify. For the purposes of the
analysis, it was treated as a binary variable, as no respondent who self-identified as
neither male nor female remained in the final analysis due to unreliable dietary recall data
and/or missing complete case information.

3.2.3.3

Ethnicity

Participants were asked to identify their ethnicity as follows: White/Caucasian, South
Asian (e.g., East Indian, Pakistani, Sri Lankan), East Asian (e.g., Chinese, Japanese,
Korean), Middle Eastern (e.g., Egyptian, Iranian, Lebanese), Latin American (e.g.,
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Mexican, Columbian, Peruvian), Indigenous (e.g., First Nations, Metis, or Inuit), Black
(e.g., African, Caribbean), or Other (Please Specify). Ethnicity was further classified as
White/Caucasian and non-white/mixed ethnicity, for purposes of analyses. This method
of controlling for race was chosen since research has shown that minority groups (e.g.,
African American, Hispanic, Asian, etc.) may be more likely to have lower diet quality,
compared to Whites/Caucasian (138).

3.2.3.4

Vegetarian Status

Vegetarian status was obtained via the youth survey and was measured as a binary
variable as vegetarian or non-vegetarian. Research has demonstrated that vegetarians tend
to have better diet quality than non-vegetarians (139), and it is also plausible to think that
vegetarians may be more likely to adhere to dietary recommendations (which aim to
improve one’s diet quality), such as consuming breakfast. Since it is unlikely that
vegetarianism acts as a mediator between breakfast consumption and diet quality, it may
potentially be acting as a confounder, and should be accounted for, to isolate the direct
effect of breakfast skipping on diet quality. It should also be noted that participants who
classified themselves as vegan, but not vegetarian, were considered vegetarians for the
purposes of analyses.

3.2.3.5

Household Income

Average household income was measured as a continuous variable and was obtained via
the Statistics Canada 2016 census (140). Dissemination areas (DAs) were used to
represent neighbourhoods, as these are the smallest units of measurement which Statistics
Canada releases information for, and median household income for these neighbourhoods
was applied to all households within the DAs. Self-reported household income was also
sought from parents, with a low response rate (35.6% missing). Due to the high rate of
missing data, coupled with a limited ability to predict what a participant’s household
income might be, it was decided that median neighbourhood-level income would be used
as a proxy measure. While, ideally, household income could be predicted using other
information about the parent(s), however, the primary population under study was
adolescents. Consequentially, most of the information gathered is specific to the teenager,
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and not necessarily the parent(s), whom we would need more information from to
reliably predict what their income might be. Additionally, complete-case analysis would
likely bias the results, as research has found that those with missing income information
tend to have socio-demographic profiles of lower income, suggesting these individuals
might be less likely than those more affluent to divulge their income (58). With regards to
all analyses, average household income (measured via median DA household income)
was presented as a per $10,000 increase, in efforts to have the coefficients provide more
meaningful interpretations.

3.2.3.6

Parental Highest Education

Parental education was obtained via the parent survey, where individuals were asked to
list their highest level of education as follows: 1) Less than high school diploma, 2) High
school or equivalency, 3) Trade or other non-university certificate or diploma, 4)
University certificate or diploma below the bachelor’s level, 5) Bachelor’s degree (e.g.,
BA, BSc), 6) University certificate, diploma or degree above the bachelor’s level, and 7)
Don’t know. This question was posed to both parents if there was a second
parent/guardian involved, and the higher of the two values was taken to determine the
highest education level attained by either parent. This question was subsequently recoded
as follows, to improve interpretability: 1) High school or less, 2) Some postsecondary,
but less than bachelor’s degree, 3) Bachelor’s degree, and 4) Greater than bachelor’s
degree. Parental education has been shown to be a strong indicator of socioeconomic
status (141), which in turn has been associated with both breakfast consumption and diet
quality (114,142), thereby acting as a potential confounder in the relationship between the
latter two factors. Research has also shown that even having one parent with higher
education is associated with a lower probability of living in a low-income household
(143).

3.2.4
3.2.4.1

Health Variables
Importance of Healthy Eating

The importance of healthy eating was assessed via the youth survey, where participants
were asked to respond (via Likert scale) to the following statement: “Eating healthy is
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important to me”. This was important to consider because it was thought that those who
place more value on eating healthy were more likely to do so, reflected by their diet
quality. It is plausible that individuals who want to eat healthier are more likely to abide
by the rhetoric “breakfast is the most important meal of the day” and consume breakfast
more regularly. Therefore, by not controlling for this variable, the indirect effect that
one’s value for eating healthy has on diet quality might confound the true relationship
between breakfast consumption and diet quality. As such, the importance individuals
place on eating healthy was included as a covariate, with higher scores indicating higher
importance.

3.2.4.2

Physical Health

Physical health was assessed via the youth survey, where participants were asked to
respond to the following statement: “In general, how do you rate your own physical
health?”, with higher scores indicating a better rating. Physical health is important as it
can potentially impact diet quality (i.e., those who place more importance on physical
health may place more importance on eating a higher quality diet (112,144)), while also
being enhanced among those who consume breakfast (145), thereby representing a
potential confounder. As such, self-reported physical health was included in all statistical
analyses.

3.2.4.3

Mental Health

Mental health was assessed through the youth survey, where participants were asked to
respond to the following statement: “In general, how do you rate your own mental
health?”, with higher scores indicating a better rating. Mental health is important as it can
potentially impact diet quality, whereby individuals with poorer mental health may be
less inclined to consume a high-quality diet (146). Secondly, mental health has strong ties
with breakfast skipping, and has been shown to be lower among those who skip breakfast
(147), thereby operating as a potential confounder, and thus was included in all statistical
analyses.
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3.2.4.4

Physical Activity

Participants’ physical activity was determined via the youth survey, where they were
asked “Over the past 7 days, how many days were you physically active for a total of at
least 60 minutes per day?”. Physical activity was also important to assess for the same
reason as self-reported physical health; however, this question allowed more in-depth
information regarding one’s physical activity and can be thought of as a separate concept
than “physical health”. For these reasons, physical health was included in all analyses as
a covariate.

3.2.4.5

Nutritional Knowledge Score

Nutritional knowledge was obtained via the youth survey in a series of 51 questions,
based on a previously validated nutritional survey (130,131). Participants were scored out
of a total of 51 points relating to a variety of questions regarding nutrients, foods which
should or should not be consumed as often, and their ability to correctly read a nutrition
facts table. Nutritional knowledge is important to consider, since individuals who know
more about nutrition tend to have higher diet quality (148), while also being more likely
to consume breakfast (149), thereby indirectly exaggerating the positive effect of
breakfast consumption on diet quality. Consequently, nutritional knowledge score was
utilized as a covariate in all analyses.

3.3

Statistical Analyses

All analyses were performed using STATA IC version 15 (150) and was performed by
one author (N.W.).

3.3.1

Model 1: Skippers vs. Consumers

The first model sought to answer the question, do habitual skippers (those who reported
that they skip breakfast ≥4 days/week) have significantly lower diet quality than those
who consume breakfast more regularly (those who skip <4 days/week)? To answer this
question, a multivariable linear regression was performed, with HEI-2015 score as the
outcome variable, and breakfast skipper status as the primary predictor. This
multivariable model adjusted for the following covariates: gender, age, ethnicity,
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importance of eating healthy, physical health, mental health, number of days physically
active, nutritional knowledge, vegetarian status, parental highest education, and median
household income. A sensitivity analysis involving imputed data (for HEI-2015 score,
age, number of days physically active, parental highest education, and vegetarian status)
was also performed to investigate whether the results differed. Model fit, predicted scores
vs. actual, residual plots, and collinearity were examined for the primary model, and can
be found in Appendix C. Lastly, a sub-analysis was also performed whereby individuals
were re-classified dependent upon whether they consumed breakfast every day in the
previous week or not, in order to see if any associations exist with missing one day of
breakfast.

3.3.2

Model 2: Skipped Breakfast Day of Recall vs. Consumed
Breakfast

While it is important to compare diet quality between those who regularly skip breakfast
and those who regularly consume breakfast, doing so does not necessarily consider
whether an individual reported eating breakfast for the day of their recall. As such, for the
second model, those who skipped breakfast the day of their 24-hour recall were compared
to those who ate breakfast the day of their recall. A second multivariable linear regression
was completed, including all the previous variables in Model 1, with the addition of the
consideration of whether individuals reported breakfast the day of their recall.

3.3.3

Model 3: Skippers who Skipped Breakfast vs. Skippers who
Consumed Breakfast

Model 3 compared skippers (those who skipped breakfast ≥4 days in the previous week)
who did not report breakfast on their 24-hour dietary recall, to skippers who did report
breakfast on their dietary recall via an interaction term. This strategy was used keeping in
mind that interventions or programs intended to improve breakfast consumption among
teens would likely be targeted at those who aren’t regularly consuming breakfast (as
those who are already regularly consuming breakfast, likely don’t need intervening
upon). Due to this, Model 3 attempted to predict what a habitual skipper’s diet quality
might look like, on days that they do consume breakfast, compared to days they do not, to
determine if there would be significant improvements or not. Additionally, this model
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was able to examine if the estimated impact of eating breakfast differed between those
who regularly do so (habitual consumers), versus those that do not (habitual skippers).
Model 3 was the same multivariable analysis as Model 2, with the addition of an
interaction term between breakfast skippers and whether they ate breakfast the day of the
recall. The same regression assessment procedures were again performed in Model 3, in
addition to the sensitivity analysis. The “margins” command was used post-regression to
compare the following four subgroups in terms of their predicted HEI-2015 scores:
skippers who skipped, skippers who ate breakfast, consumers who skipped, and
consumers who ate breakfast, to determine if the impact of eating breakfast differed
between skippers and regular consumers.

3.3.4

Model 4: Predicted Nutrient Intakes

Model 4 was a set of numerous multivariable linear regressions, whereby habitual
skippers’ and consumers’ nutrient intakes were predicted. A list of the nutrients which
were investigated is previously reported (see Section 3.2.2). The multivariable linear
regression controlled for the following covariates: calories (except when energy intake
was being predicted), breakfast skipper status (skipped ≥ 4 days/week), gender, age,
ethnicity, importance of healthy eating, physical health, mental health, number of days
physically active, nutrition knowledge score, vegetarian status, parental highest
education, and median household income. Differences in nutrient intake were further
quantified as a function of the Recommended Daily Intake (RDI) (which is estimated to
meet the requirements of all healthy individuals 2 years of age or older) (151). When an
RDI had not been established for a nutrient, the Recommended Dietary Allowance
(RDA) or Adequate Intake (AI) for a female aged 14-18 years old was used (152), as our
sample was primarily female (61.9%). This was performed to describe how meaningful
differences in predicted nutrient intake were, by giving the reader an idea of the
magnitude of the difference, regardless of statistical significance.

3.3.5

Percentage of Daily Nutrients from Breakfast

The final analysis investigated the percentage of daily nutrients (among those who
reported breakfast) that breakfast contributed. This was an unadjusted analysis, whereby
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the amount of an individual nutrient consumed at breakfast was divided by the
individual’s total daily nutrient intake. The average percentage for each nutrient was then
calculated alongside 95% confidence intervals. While there is no universally accepted
reference standard in terms of how much breakfast should contribute to one’s daily
nutrient intake, it could be argued that mean intakes approaching 0% or 100% could be
used to justify how important (or unimportant) breakfast is for specific nutrients.

3.4
3.4.1

Missing Data
Diet Recall Missing Data

Dietary recalls can be challenging for an individual to accurately report because of recall
ability (134), selective misreporting (153), and the amount of time required to report each
food/beverage item consumed in the previous day. As such, it is inevitable with a large
enough sample size that there will always be some degree of implausible reports. Due to
this phenomenon, multiple methods of dealing with “implausible reports” have surfaced,
with perhaps the most popular method being developed by Goldberg et. al (154), known
as “CUT-OFF 2”. This method considers an individual’s gender, age, physical activity,
height, and weight, to determine one’s Basal Metabolic Rate (BMR), and once a BMR
has been established, cut-offs for plausible energy intake are established. Next, any
dietary recall which reports an energy intake outside of these plausible ranges is deemed
an implausible report. Similar methods of accounting for plausibility of dietary recalls (as
outlined by Banna et al. (155)) include variations of calculations that involve comparing
age, weight, and sex-specific DRI recommendations to reported energy intake, such as
that proposed by McCrory et al. (156), with an update by Huang et al. (157). An
alternative, yet similar method, involves including the ratio of reported energy intake to
the DRIs in the statistical model/analyses (158). Finally, another method of excluding
implausible diet recalls involves setting cut-offs for nutrients, and excluding dietary
recalls if individuals report less than the lower limit or more than the upper limit (155).
This latter technique was the method chosen for this current study.
Ultimately, this method of setting cut-offs for nutrients was decided to be the most
appropriate due to SmartAPPetite’s goals of improving diet quality and food purchasing
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behaviours of teens. Since SmartAPPetite is not focused on changing teens’ weight,
collecting information on this was determined to be a sensitive topic and not vital to the
effectiveness of the project. As such, this information was not collected. Consequentially,
the alternative methods of calculating one’s estimated energy expenditure (previously
listed above) were not possible, and by extension, dietary reports could not be deemed
plausible or not based on the differences between reported energy intake and estimated
energy expenditure. Because of this, it was determined that individuals’ dietary recalls
would be excluded based on their reported intake of calories, protein, fat, Vitamin C, and
beta-carotene, as recommended by ASA24 (159). Specifically, cut points were based on
the 5th and 95th percentile of individuals’ intakes for these specific nutrients from the
NHANES data.
If an individual was deemed to have given an implausible dietary report, their dietary
intake data was replaced with missing values, while retaining their youth survey
information. Next, Little’s Test of Missing Completely at Random (160) was utilized to
determine if dietary recall information was “Missing Completely at Random” (MCAR),
which, according to this test, it was not. This is not necessarily surprising, as individuals’
dietary recalls were systematically censored based on intake levels of the previously
listed five nutrients. However, in order to prevent potential selection bias, individuals
with a plausible diet recall were compared (via independent samples t-tests) to
individuals with an implausible diet recall on several demographic characteristics, which
can be found below in Table 3-2.
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Table 3-2: Implausible Reporters vs. Plausible Reporters
Mean ± S.D., Percentage, or Median (min, max).
Characteristic
Gender (% Male)
Age (years)*
Ethnicity (% White)
Physical Health (Likert scale)
Mental Health (Likert scale)
# Days Physically Active
(days)
Knowledge Quiz Score*
% Habitual Breakfast
Skippers
Median Household Income
Parent Highest Education
(ordinal scale)

Implausible Reporter
(n=442)
38.3%
15.4 ± 1.2
63.0%
3 (1,5)
3 (1,5)

Plausible Reporter
(n=673)
38.9%
15.6 ± 1.2
68.0%
3 (1,5)
3 (1,5)

4.1 ± 2.0

4.0 ± 1.9

29.9 ± 8.5

32.0 ± 6.9

26.1%

23.4%

$92, 959 ± 28, 355

$94, 158 ± 27, 636

2 (1,4)

2 (1,4)

* indicates statistical significance (via independent samples t-tests) at the p <0.05 level

Results from this suggest very little differences in individuals with a valid diet recall and
those with an invalid recall, beyond average age and average nutritional knowledge score.
While there is no statistical test which can undeniably determine whether data are
Missing at Random (MAR), based on the above descriptive statistics, dietary recall data
were determined to be MAR (161), and multiple imputation was thus used as a sensitivity
analysis to predict what implausible reporters’ nutrient intake and HEI-2015 scores might
be. While utilizing complete-case analysis may bias results if data are MAR, due to the
high missingness of data in the present study (>50%), coupled with the fact that no
previous study has utilized one dietary recall to impute for individual nutrient intakes of
missing/implausible reports, it was determined to be the most reliable option. Those who
gave an implausible diet recall were censored for all analyses, and only those with
plausible nutritional data were used. That said, multiple imputation was used as a
sensitivity analysis for all models and can be found in Appendix B.
Multiple imputation is a sophisticated method of dealing with missing data that attempts
to counteract bias which would otherwise be introduced using complete case analysis
(162). Research has demonstrated that individuals with certain characteristics may be
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more/less likely to answer specific questions (163). For example, individuals who are less
physically active may be less likely to answer a question regarding their activity, and by
using complete case analysis, these individuals’ data would be excluded, potentially
leading to biased conclusions. Multiple imputation seeks to predict what the value of the
missing point might have been in order to preserve the case and allow for its inclusion in
the analysis. It does so by first creating multiple copies of the dataset, with missing points
in each new dataset being given imputed values. These imputed values are predicted
based on numerous variables specified by the researcher, which ideally, should have
some relationship with the variable being predicted (162).
The next step is to run the statistical analysis in each of these datasets, which will differ
due to the random variability of the imputed variables, and while the point estimates are
averaged, the standard errors are calculated via Rubin’s rules (164) so as to be
conservative, and acknowledge these newly created datasets are essentially near-identical
clones of the original dataset. For the current study, missing data for both the dietary
recall and youth survey were handled via a Multiple Imputation by Chained Equations
(MICE) approach. MICE is a method of multiple imputation which allows the researcher
to specify how certain variables are to be predicted (165). For instance, it would not be
technically correct to predict income (measured as a continuous variable) and gender
(measured as a bivariate variable) via the same method, as neither linear regression nor
logistic regression would be appropriate for both variables. As such, MICE allows the
researcher to specify how each variable should be predicted.
The present study used 30 imputations, and dietary recall data (HEI-2015 scores and
nutrient intake) were imputed via linear regression. While previously thought that 3-5
imputations might be sufficient (166), emerging evidence suggests that more might be
required for more reliable standard errors (167). The following variables were used as
predictors: habitual breakfast skipper status, gender, ethnicity, eating healthy importance
rating, physical health, mental health, nutritional knowledge score and median household
income. It should also be noted that while dietary recall data made up the largest portion
of missing data (n = 441 implausible/missing reports; 39.6%), there were also missing
responses from the youth survey, which is addressed in the next section.
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3.4.2

Youth Survey Missing Data

For the purposes of this study, information regarding parental highest education (n=196
missing; 17.6%), the number of days physically active the past week (n=25 missing;
2.2%), and vegetarian status (n=55 missing; 4.9%) all had missing values. These
variables were considered to be Missing at Random (MAR), meaning the data are not
MCAR, but there is a reason that can be explained by other observed variables (161).
Using MICE, parental highest education was predicted via ordinal logistic regression,
number of days physically active was predicted using Poisson regression, and vegetarian
status was predicted via logistic regression. This was completed for all models, where the
predictive variables were the same as previously listed in Section 3.4.1 and used as a
sensitivity analysis to compare to complete case analysis. Multiple imputed results for
Models 1-4 can be found in Appendix B.
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Chapter 4

4

Results

This chapter sought to summarize and present results of the current thesis, in accordance
with the outline provided by Chapter 3. Descriptive statistics of the sample are provided,
as well as all statistical models utilized which compared the diet quality of breakfast
skippers and consumers.

4.1 Descriptive Statistics
To date, a total of 1114 teens have participated in the SmartAPPetite study and have
completed their youth surveys and dietary recalls. Of these 1114 participants, 934
(83.8%) had parents fill out their respective survey. Next, of the 934 participants who had
given both youth and parental information, a total of 512 (46.1%) individuals had
complete case information and valid diet recalls for the variables under study. Descriptive
characteristics for the entire sample can be found below in Table 4-1.
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Table 4-1: Descriptive Statistics of Sample
Total Sample (N=512)
Descriptive
Characteristic
Calories (kcal)
Age
Ethnicity
Non-White
White/Caucasian
Physical Health
Rating
Mental Health Rating
Physically Active Days
Nutrition Knowledge
Score
Vegetarian Status
Non-Vegetarian
Vegetarian
HEI-2015 Total Score
Median Household
Income
Breakfast Skipper
Status
Habitual Skipper
Habitual Consumer
Eating Healthy
Importance Rating
Parental Highest
Education

Reported Breakfast Day
of Recall (n=448)

Did Not Report Breakfast
Day of Recall (n=64)

Mean ± SD, Median (min, max), or n (%)
Male

Female

Male

Female

Male

Female

2049 ± 822
15.5 ± 1.3

1549 ± 545
15.6 ± 1.2

2094 ± 803
15.5 ± 1.3

1587 ± 548
15.6 ± 1.2

1623 ± 902
15.3 ± 1.1

1315 ± 470
15.7 ± 1.1

59 (11.5%)
136 (26.5%)

96 (18.7%) 53 (11.7%) 79 (17.5%)
221 (43.3%) 123 (27.5%) 194 (43.3%)

6 (9.4%)
13 (20.3%)

17 (26.6%)
28 (43.7%)

4 (1, 5)
4 (1, 5)
4.4 ± 1.8

3 (1, 5)
3 (1,5)
3.9 ± 1.9

4 (1, 5)
4 (1, 5)
4.4 ± 1.8

3 (1, 5)
3 (1, 5)
3.9 ± 1.9

3 (1, 4)
3 (1, 5)
3.6 ± 1.8

3 (2, 5)
3 (1, 5)
3.4 ± 2.1

31.2 ± 7.5

32.5 ± 6.6

31.4 ± 7.4

32.4 ± 6.6

29.8 ± 8.3

33.4 ± 6.2

190 (37.1%)
5 (1.1%)
53.1 ± 14.1
$94, 970 ±
$27, 452

294 (57.4%) 171 (38.0%) 255 (56.9%)
23 (4.4%)
5 (1.1%)
18 (4.0%)
56.7 ± 14.9 53.6 ± 14.5 57.6 ± 15.0
$93, 934 ±
$97, 066 ±
$94, 113 ±
27, 534
27, 246
27, 968

19 (29.7%)
0 (0.0%)
48.3 ± 9.1
$75, 550 ±
$21, 541

40 (62.5%)
5 (7.8%)
51.4 ± 13.0
$92, 843 ±
$25, 99

36 (7.0%)
159 (31.1%)

69 (13.5%)
23 (5.1%)
248 (48.4%) 153 (34.1%)

41 (9.1%)
232 (51.7)

6 (9.4%)
13 (20.3%)

17 (26.6%)
28 (43.7%)

4 (2, 5)

4 (3, 5)

4 (2, 5)

4 (3, 5)

4 (2, 5)

4 (3, 5)

High School or Less

27 (5.3%)

42 (8.2%)

23 (5.1%)

37 (8.3%)

4 (6.2%)

5 (7.8%)

Some Postsecondary,
Less than Bachelor's
Degree

68 (13.3%)

122 (23.8%)

59 (13.1%)

100 (22.3%)

9 (14.1%)

23 (35.9%)

Bachelor's Degree

56 (10.9%)

83 (16.2%)

51 (11.4%)

75 (16.7%)

5 (7.8%)

8 (12.5%)

More than Bachelor's
Degree

44 (8.6%)

70 (13.7%)

43 (9.6%)

61 (13.5%)

1 (1.6%)

9 (14.1%)
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Table 4-2 provides information on the sociodemographic characteristics of the sample,
stratified by the number of days that breakfast was skipped in the previous week.
Table 4-2: Sociodemographic Characteristics, by Number of Breakfasts Skipped in
Previous Week
Number of Days Skipped in Previous Week (Mean ± S.D., Percentage, or Mean (min, max)).
0

1

2

3

4

5

6

7

HEI-2015
Score

57.2 ±
14.8

54.8 ±
12.5

56.5 ±
15.7

49.1 ±
13.6

51.8 ±
15.2

53.1 ±
15.6

53.7 ±
12.0

52.7 ±
10.4

Child's
Ethnicity
(% White)

70.0%

68.4%

72.9%

56.2%

72.7%

78.8%

54.5%

78.9%

Parent’s
Highest
Education
(ordinal scale)

3 (1, 4)

3 (1, 4)

3 (1, 4)

2 (1, 4)

2 (1, 4)

2 (1, 4)

3 (2, 4)

2 (1, 3)

Median
Neighbourhood
Income

$96, 292 ±
$26 859

$89 924 ±
$26 118

$101 044
± $32 001

$87 461 ±
$23 317

$96 834 ±
$33 568

$88 041 ±
$27 009

$90 589 ±
$20 217

$90 013 ±
$26 541

Age

15.5 ± 1.3

15.8 ± 1.3

15.6 ± 1.0

15.4 ± 1.3

15.5 ± 1.2

15.6 ± 1.1

15.4 ± 1.4

15.7 ± 1.1

Gender
(% Male)

44.1%

36.8%

23.7%

31.2%

36.4%

32.7%

18.2%

47.4%

4.2

Model 1: Skippers vs. Consumers

Model 1A (Table 4-3) sought to compare the overall diet quality (as measured by HEI2015 scores) of individuals who skipped breakfast four or more days in the previous
week, to those who ate breakfast four or more days, via a multivariable linear regression.
Habitual breakfast skippers did not have significantly different HEI-2015 scores
compared to habitual consumers (-1.9; 95% C.I. -5.0, 1.1). Males had significantly lower
diet quality than females (-3.1; 95% C.I. -5.6, -0.5). Vegetarians had significantly higher
diet quality than non-vegetarians (9.8; 95% C.I. 4.5, 15.1), while a 1-unit increase in the
rating of healthy eating importance would be expected to increase diet quality scores by
4.2 points (95% C.I. 2.1, 6.2). Next, for a 1-unit increase in food knowledge score (while
holding all other covariates constant), HEI-2015 scores would be expected to increase by
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0.2 points (95% C.I. 0.1, 0.4), and for a $10,000 increase in median household income, a
0.5 (95% C.I. 0.1, 1.0) increase in diet quality score would be expected. Finally, for a
one-unit increase in a parent’s highest education, a 2.4 (95% C.I. 1.1, 3.6) increase in
HEI-2015 score would be expected. All other variables were not significantly related to
diet quality score.

Table 4-3: Predicted HEI-2015 Scores by Habitual Skipper Status

Model 1A
n = 512
Variable

Unadjusted β (95% CI)

Adjusted β (95% CI)

Constant
Habitual Breakfast Skipper

R2: 0.16
Adjusted R2: 0.14
Adjusted p-value

26.2
Consumer
Skipper

Reference
-1.9 (-5.0, 1.1)

-0.21

Reference
-3.5 (-6.1, -0.9)
-3.1 (-5.6, -0.5)
-0.1 (-1.1, 1.0)
-0.4 (-1.5, 0.6)

-0.02*
0.38

-3.1 (-6.3, 0.1)

Gender
Female
Male
Age
Ethnicity
Non-White
White
Importance of Eating Healthy Rating
Physical Health Rating
Mental Health Rating
Usual # of Days Physically Active
Nutrition Quiz Score
Vegetarian Status
Non-Vegetarian
Vegetarian
Parental Highest Education
Neighbourhood Income (per $10,000)

Reference
0.1 (-2.7, 2.9)
5.5 (3.5, 7.4)
1.8 (0.5, 3.1)
0.0 (-1.1, 1.2)
0.1 (-0.5, 0.8)
0.3 (0.1, 0.5)

-1.3 (-4.1, 1.5)
4.2 (2.1, 6.2)
1.4 (-0.1, 2.9)
-0.2 (-1.5, 1.0)
-0.6 (-1.4, 0.1)
0.2 (0.1, 0.4)

0.35
<0.01*
0.07
0.72
0.11
0.01*

Reference
10.6 (5.0, 16.1)
9.8 (4.5, 15.1)
2.9 (1.7, 4.2)
2.4 (1.1, 3.6)
0.8 (0.4, 1.3)
0.5 (0.1, 1.0)

-<0.01*
<0.01*
0.02*

*indicates statistical significance at the p <0.05 level
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Model 1B (Table 4-4) demonstrated a significant difference between individuals who
consumed breakfast every day in the previous week, compared to those who did not
consume breakfast every day (-2.9; 95% C.I. -5.3, -0.4). Other variables significantly
associated with higher HEI-2015 scores included being female, higher importance of
healthy eating rating, higher nutrition knowledge score, being vegetarian, having a parent
with high education, and living within a neighbourhood with higher median household
income. Point estimates and confidence intervals of these associations did not vary
substantially between Model 1A and Model 1B, and all other variables were not
significantly associated with HEI-2015 scores.
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Table 4-4: Predicted HEI-2015 Scores by Number of Days Skipped

Model 1B
n = 512
Variable

Unadjusted β (95% CI)

Constant
Days Eaten Breakfast in Previous
Week
Consumed Breakfast 7/7 Days
Consumed Breakfast <7 Days
Gender
Female
Male
Age
Ethnicity
Non-White
White
Importance of Eating Healthy Rating
Physical Health Rating
Mental Health Rating
Usual # of Days Physically Active
Nutrition Quiz Score
Vegetarian Status
Non-Vegetarian
Vegetarian
Parental Highest Education
Neighbourhood Income (per $10,000)

Adjusted β (95% CI)

R2: 0.16
Adjusted R2: 0.14
Adjusted p-value

28.3

Reference
-3.4 (-5.5, -1.2)
-2.9 (-5.3, -0.4)

-0.02*

Reference
-3.5 (-6.1, -0.9)
-3.1 (-5.7, -0.5.)
-0.1 (-1.1, 1.0)
-0.4 (-1.4, 0.6)

-0.02*
0.46

Reference
0.1 (-2.7, 2.9)
5.5 (3.5, 7.4)
1.8 (0.5, 3.1)
0.0 (-1.1, 1.2)
0.1 (-0.5, 0.8)
0.3 (0.1, 0.5)

-1.4 (-4.2, 1.4)
4.1 (2.0, 6.1)
1.2 (-0.3, 2.7)
-0.3 (-1.6, 0.9)
-0.6 (-1.4, 0.1)
0.2 (0.0, 0.4)

0.32
<0.01*
0.12
0.60
0.10
0.02*

Reference
10.6 (5.0, 16.1)
9.7 (4.5, 15.0)
2.9 (1.7, 4.2)
2.3 (1.0, 3.6)
0.8 (0.4, 1.3)
0.6 (0.1, 1.0)

-<0.01*
<0.01*
0.02*

*indicates statistical significance at the p <0.05 level

4.3
Model 2: Skipped Breakfast Day of Recall vs.
Consumed Breakfast
Model 2 (Table 4-5), compared individuals who did not report a breakfast on their 24hour recall to those who did, while controlling for important covariates, including
whether someone habitually skips breakfast or not. Individuals who did not report eating
breakfast the day of their dietary recall had significantly lower diet quality (-4.4; 95%
C.I.: -8.4, -0.4) compared to those who did report eating a breakfast. Lower diet quality
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was significantly associated with being male (-2.9; 95% C.I. -5.5, -0.4), while higher diet
quality was again associated with importance of eating healthy rating (4.0; 95% C.I. 2.0,
6.0), nutritional knowledge score (0.2; 95% C.I. 0.1, 0.4), following a vegetarian diet
(9.8; 95% C.I. 4.5, 15.1), parent’s highest education (2.3; 95% C.I. 1.0, 3.6), and median
neighbourhood income (0.5; 95% C.I. 0.1, 1.0).
Table 4-5: Skipping Breakfast and its Association with the Day’s Diet Quality

Model 2
n = 512
Variable
Constant
Skipped Breakfast Day of Recall
Ate Breakfast
Skipped Breakfast
Habitual Breakfast Skipper
Consumer
Skipper
Gender
Female
Male
Age
Ethnicity
Non-White
White
Importance of Eating Healthy Rating
Physical Health Rating
Mental Health Rating
Usual # of Days Physically Active
Nutrition Quiz Score
Vegetarian Status
Non-Vegetarian
Vegetarian
Parental Highest Education
Neighbourhood Income (per $10,000)

Unadjusted β (95% CI)

Adjusted β (95% CI)

R2: 0.16
Adjusted R2: 0.14
Adjusted p-value

28.3
Reference
-4.4 (-8.4, -0.4)

-0.03*

-0.5 (-3.8, 2.7)

-0.74

-2.9 (-5.5, -0.4)
-0.5 (-1.5, 0.5)

-0.01*
0.36

-1.6 (-4.4, 1.2)
4.0 (2.0, 6.0)
1.5 (-0.1, 3.0)
-0.3 (-1.6, 0.9)
-0.7 (-1.4, 0.1)
0.2 (0.1, 0.4)

0.27
<0.01*
0.05
0.60
0.09
0.01*

Reference
10.6 (5.0, 16.1)
9.8 (4.5, 15.1)
2.9 (1.7, 4.2)
2.3 (1.0, 3.6)
0.8 (0.4, 1.3)
0.5 (0.1, 1.0)

-<0.01*
<0.01*
0.03*

-5.6 (-9.4, -1.7)
Reference
-3.1 (-6.3, 0.1)
Reference
-3.5 (-6.1, -0.9)
-0.1 (-1.1, 1.0)
Reference
0.1 (-2.7, 2.9)
5.5 (3.5, 7.4)
1.8 (0.5, 3.1)
0.0 (-1.1, 1.2)
0.1 (-0.5, 0.8)
0.3 (0.1, 0.5)

*indicates statistical significance at the p <0.05 level
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Table 4-6 provides the sub-scores for each component that makes up the total HEI-2015
score, based on Model 2. Individuals who did not report a breakfast on their dietary recall
scored significantly lower on total fruits (-0.79; 95% C.I. -1.38, -0.20), total sodium (1.56; 95% C.I. -2.61, -0.51), and saturated fats (-1.61; 95% C.I. -2.62, -0.60), and scored
significantly higher on total vegetables (0.91; 95% C.I. 0.42, 1.40), and added sugars
(0.83; 95% C.I. 0.02, 1.63). No other component scores differed significantly between
those who reported a breakfast on their dietary recall and those who did not. It should be
noted that higher scores (even among the “empty calories” sub-section) indicate higher
quality and are not to be confused with actual intake amounts.
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Table 4-6: Predicted Healthy Eating Index 2015 Sub-Scores
Category, (maximum
score)

Concept

Skipped
Breakfast

Ate Breakfast

Difference, (95%
C.I.)

p value

Total Fruits (5.0)
Whole Fruits (5.0)

2.24
2.36

3.03
2.88

-0.79 (-1.38, -0.20)
-0.52 (-1.17, 0.13)

0.01*
0.12

Total Vegetables (5.0)
Greens & Beans (5.0)

3.99
2.00

3.08
1.74

0.91 (0.42, 1.40)
0.26 (-0.38, 0.90)

<0.01*
0.42

Whole Grains (10.0)

3.07

3.86

-0.79 (-1.88, 0.31)

0.16

Total Dairy (10.0)

6.46

5.98

0.48 (-0.53, 1.49)

0.35

3.82

3.93

-0.11 (-0.57, 0.36)

0.64

1.57

1.96

-0.39 (1.02, 0.25)

0.23

Fatty Acid Ratio (10.0)

4.11

4.94

-0.83 (-1.92, 0.26)

0.13

Refined Grains (10.0)

5.55

5.79

-0.24 (-1.37, 0.90)

0.68

Sodium (10.0)

3.11

4.67

-1.56 (-2.61, -0.51)

<0.01*

8.67
4.52
51.47

7.85
6.13
55.84

0.83 (0.02, 1.63)
-1.61 (-2.62, -0.60)
-4.37 (-8.34, -0.36)

0.04*
<0.01*
0.03*

Fruits

Vegetables

Grains
Dairy
Protein Foods
Total Protein Foods
(5.0)
Seafood & Plant
Proteins (5.0)
Fats
Refined Grains
Sodium
Empty Calories
Added Sugars (10.0)
Saturated Fats (10.0)
Total Score (100.0)

*indicates statistical significance at the p <0.05 level

4.4
Model 3: Skippers who Skipped Breakfast vs.
Skippers who Consumed Breakfast
Model 3 (Table 4-7) assessed how diet quality might differ among habitual skippers, if
they had decided to consume breakfast the day of their diet recall. Additionally, this
model assessed whether the impact of breakfast skipping on diet quality differed between
habitual skippers and habitual consumers. The proposed interaction effect, however, was
not significant, indicating that the impact of skipping breakfast on diet quality did not
appear to differ significantly between habitual skippers and habitual consumers.
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Furthermore, among breakfast skippers, the impact of skipping breakfast did not
significantly alter diet quality. For the purposes of brevity, Table 4-8 only shows one
possible interpretation for the proposed interaction effect, although both interpretations
are shown in Figure 4-1.
Lower diet quality was significantly associated with skipping breakfast the day of the
recall (-7.2; 95% C.I. -13.0, -1.3), and with being male (-3.2; 95% C.I. -5.8, -0.7). Higher
diet quality was significantly associated with higher importance of healthy eating (4.1,
95% C.I. 2.1, 6.1), nutritional knowledge score (0.2; 95% C.I. 0.1, 0.4), following a
vegetarian diet (10.0; 95% C.I. 4.6, 15.2), parental highest education (2.3; 95% C.I. 1.0,
3.5), and median household income (0.5; 95% C.I. 0.1, 1.0). All other covariates were not
significantly associated with diet quality.
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Table 4-7: The Impact of Missing Breakfast on Diet Quality, by Habitual Skipper
Status

Model 3
n = 512
Variable
Constant
Skipped Breakfast Day of Recall
Ate Breakfast
Skipped Breakfast
Habitual Breakfast Skipper
Consumer
Skipper
Interaction Effect
Habitual Skipper who Ate Breakfast
Habitual Skipper who Skipped Breakfast
Gender
Female
Male
Age
Ethnicity
Non-White
White
Importance of Eating Healthy Rating
Physical Health Rating
Mental Health Rating
Usual # of Days Physically Active
Nutrition Quiz Score
Vegetarian Status
Non-Vegetarian
Vegetarian
Parental Highest Education
Neighbourhood Income (per $10,000)

Unadjusted β (95% CI)

Adjusted β (95% CI)

R2: 0.17
Adjusted R2: 0.14
Adjusted p-value

29.0
Reference
-7.2 (-13.0, -1.3)

-0.02*

-1.6 (-5.3, 2.0)

-0.38

5.3 (-2.7, 13.2)

0.22

-3.2 (-5.8, -0.7)
-0.5 (-1.5, 0.5)

-0.01*
0.32

-1.7 (-4.5, 1.1)
4.1 (2.1, 6.1)
1.5 (-0.1, 3.0)
-0.3 (-1.6, 0.9)
-0.6 (-1.4, 0.1)
0.2 (0.1, 0.4)

0.22
<0.01*
0.06
0.60
0.10
0.01*

Reference
10.6 (5.0, 16.1)
10.0 (4.6, 15.2)
2.9 (1.7, 4.2)
2.3 (1.0, 3.5)
0.8 (0.4, 1.3)
0.5 (0.1, 1.0)

-<0.01*
<0.01*
0.02*

-5.6 (-9.4, -1.7)
Reference
-3.1 (-6.3, 0.1)
Reference
5.2 (-3.2, 13.7)
Reference
-3.5 (-6.1, -0.9)
-0.1 (-1.1, 1.0)
Reference
0.1 (-2.7, 2.9)
5.5 (3.5, 7.4)
1.8 (0.5, 3.1)
0.0 (-1.1, 1.2)
0.1 (-0.5, 0.8)
0.3 (0.1, 0.5)

*indicates statistical significance at the p <0.05 level
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4.4.1

Model 3 Margins for Predicted Healthy Eating Index 2015
(HEI-2015) Scores

Table 4-8: Model 3 Predicted HEI-2015 Scores
Skipped
Breakfast

Ate Breakfast

Habitual Breakfast Skipper

52.5 (48.2, 56.8)

54.4 (51.0, 57.9)

Habitual Breakfast Consumer

48.9 (43.3, 54.6)

56.1 (54.7, 57.5)

Figure 4-1: Impact of Breakfast Skipping on Diet Quality, by Skipper Status
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4.5

Model 4: Predicted Nutrient Intakes

Model 4 (Table 4-9) includes series of multivariable linear regressions to predict nutrient
intake, based on whether an individual consumed breakfast or not. Disregarding calories,
all other nutrients were predicted while holding caloric intake constant, to better assess
differences in diet quality.
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Table 4-9: Predicted Nutrient Intakes by Breakfast Consumption Status
Model 4
Nutrient

Skipped
Breakfast
1461
76.9
69.7
21.5

Consumed
Breakfast
1775
77.1
64.7
24.4

25.2

Difference, (95% CI)

RDA/RDI

% of RDA/RDI

-314 (-503, -126)
-0.2 (-8.2, 7.7)
5.0 (0.5, 9.3)
-2.9 (-5.2, -0.6)

2000 kcal
46 g
65 g
20 g

15.7%
0.4%
7.5%
14.5%

23.6

1.6 (-0.5, 3.7)

N/A

14.0

13.8

0.3 (-1.6, 2.2)

N/A

30.4

39.2

-8.8 (-67.0, 49.4)

N/A

61.8

80.4

-18.6, (-111.4, 74.2)

N/A

Total Carbohydrates (g)

204.2

215.9

-11.8 (-25.8, 2.3)

130 g

9.1%

Total Sugar (g)
Add Sugars (tsp
equivalents)
Fibre (g)
Calcium (mg)
Iron (mg)
Magnesium (mg)

73.3

85.4

-12.2 (-24.5, 0.1)

100 g

12.2%

9.4

10.9

-1.4 (-4.1, 1.2)

N/A

15.5
771.7
11.9
242.7

15.7
770.7
12.2
254.8

-0.2 (-2.1., 1.8)
1.1 (-101.6, 103.7)
-0.3(-1.4, 0.8)
-12.2 (-36.2, 11.9)

25 g
1300 mg
15 mg
360 mg

0.8%
0.1%
2.0%
3.4%

Potassium (mg)

2237.9

2282.5

-44.6 (-245.3, 156.2)

4700 mg

0.9%

Sodium (mg)*
Zinc (mg)
Vitamin C (mg)*

3206.7
10.5
68.7

2871.2
10.1
90.4

335.6 (48.5, 622.7)
0.4 (-1.0, 1.8)
-21.7 (-43.2, -0.2)

1500 mg
9 mg
65 mg

22.4%
4.4%
33.4%

Vitamin B1 (Thiamin)
(mg)

1.5

1.6

-0.1(-0.3, 0.1)

1.0 mg

10.0%

Vitamin B2 (Riboflavin)
(mg)

1.5

1.6

-0.1 (-0.2, 0.1)

1.0 mg

10.0%

Vitamin B3 (Niacin) (mg)

21.0

21.6

-0.6 (-3.4, 2.1)

14 mg

4.3%

Vitamin B6 (Pyridoxine)
(mg)

1.50

1.54

-0.04 (-0.24, 0.15)

1.2 mg

3.3%

Folate (mcg)
Vitamin B12 (mcg)

305.9
3.65

306.3
3.73

-0.4 (-34.7, 33.9)
-0.07 (-0.90, 0.76)

400 mcg
2.4 mcg

0.1%
2.9%

Vitamin A (mcg, RAE)

488.3

524.1

-36.6 (-110.1, 36.9)

700 mcg

5.2%

-0.78 (-1.9, 0.34)
-0.1 (-27.9, 27.7)
-26.9 (-66.0, 12.1)

15 mg
75 mcg
400 mg

5.2%
0.1%
6.7%

Calories (kcal)*
Protein (g)
Total Fat (g)*
Saturated Fat (mg)*
Total Monounsaturated
Fats (g)
Total Polyunsaturated
Fats (g)
Eicosapentaenoic Acid
(EPA) (mg)
Docosahexaenoic Acid
(DHA) (mg)

Vitamin E (mg)
7.19
7.97
Vitamin K (mg)
93.1
93.2
Choline (mg)
250.5
277.4
*indicates statistical significance at the p <0.05 level
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Model 4 (Table 4-9) shows that individuals who skipped breakfast the day of their dietary
recall had significantly less intake of calories (-314 calories; 95% C.I. -503, -126),
Vitamin C (-21.7 mg; 95% C.I. -43.2, -0.2), and saturated fat (-2.9 grams; 95% C.I. -5.2, 0.6), while consuming significantly higher total fat (5.0 grams; 95% C.I. 0.5, 9.3), and
sodium (335.6 mg; 95% C.I. 48.5, 622.7). All other nutrients were not significantly
different between those who consumed and did not consume breakfast, once calories and
other covariates had been controlled for.

4.5.1

Nutrient Intake Profiles Comparison

Figure 4-2 is a visual representation of how close individuals were to meeting the
Recommended Daily Intake (RDI), or in times when one had not been established, the
Recommended Dietary Allowance (RDA) or Adequate Intake (AI) for a 14-18 year old
female was used in its place. These nutrient intakes were predicted intakes based on
Model 4 and percentages were capped at 100%. Nutrients with no RDA nor RDI (i.e.,
EPA, DHA, total monounsaturated fats, etc.) were not included, as no reference standard
could be established. Overall, both breakfast consumers and skippers appear to be either
meeting or exceeding recommendations for saturated fat, vitamin B12, vitamin B1,
vitamin B2, vitamin B3, sodium, total carbohydrates, and protein, while falling well short
of recommendations for vitamin A, vitamin E, calories, and potassium. Vitamin C intakes
represented the largest difference (33.4%) between those who ate breakfast and those
who did not.
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Figure 4-2: Nutrient Intake Profiles Comparison

4.6

Percentage of Daily Nutrients from Breakfast

Table 4-10 shows the average percentage of one’s total daily nutrient intake that was
consumed at breakfast. This analysis was therefore restricted to those who reported a
breakfast on their dietary recall and was not adjusted for any controls. Overall, it appears
that breakfast contributed approximately 25% of most nutrients, with some as high as
about 40%, and others as low as 13%. Notable outliers include sugar (39.4%), calcium
(36%), vitamin A (35%), vitamin K (17.2%), EPA (13.4%), and added sugars (37.8%).
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Table 4-10: Mean % of Daily Nutrients Which Breakfast Contributes

Nutrient

Mean (95% CI)

Calories
Protein
Total Fat
Carbohydrate
Sugars
Fibre
Calcium
Iron
Magnesium
Potassium
Sodium
Zinc
Thiamin (vitamin B1)
Riboflavin (vitamin B2)
Niacin (vitamin B3)
Vitamin C
Pyridoxine (vitamin B6)
Folate (vitamin B9)
Cobalamin (vitamin B12)
Vitamin A
Vitamin E
Vitamin K
Saturated Fat
Monounsaturated Fat
Polyunsaturated Fat
Eicosapentanoic Acid (EPA)
Docosahexaenoic Acid (DHA)
Choline
Added Sugars (tsp. equivalent)

28.2% (26.6%, 29.7%)
24.8% (23.1%, 26.6%)
24.4% (22.6%, 26.2%)
33.0% (31.3%, 34.8%)
39.4% (37.2%, 41.6%)
31.2% (29.3%, 33.0%)
36.0% (33.9%, 38.1%)
33.7% (31.9%, 35.6%)
31.7% (30.0%, 33.3%)
29.0% (27.3%, 30.8%)
23.4% (21.6%, 25.1%)
27.1% (25.3%, 28.9%)
32.0% (30.1%, 33.9%)
34.4% (32.6%, 36.3%)
24.2% (22.4%, 26.0%)
28.0% (25.1%, 30.8%)
27.8% (25.9%, 29.6%)
30.5% (28.7%, 32.4%)
30.0% (27.6%, 32.4%)
35.0% (32.5%, 37.5%)
28.7% (26.6%, 30.8%)
17.2% (15.1%, 19.3%)
26.8% (24.8%. 28.7%)
23.6% (21.8%, 25.5%)
23.0% (21.1%, 24.9%)
13.4% (11.0%, 15.8%)
21.8% (18.7%, 24.9%)
29.8% (27.7%, 31.8%)
37.8% (35.0%, 40.5%)
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Chapter 5

5

Discussion

This chapter will discuss the findings of the previous chapter’s analyses, comparing it to
previous research whenever possible. It will also explain potential mechanisms for the
findings, and address policy implications. Finally, it addresses strengths and limitations
of the study, and suggests recommendations for future research.

5.1 Habitual Breakfast Skippers Similar in Diet Quality to
Consumers
Model 1A showed that habitual breakfast skippers (defined as those who skipped
breakfast at least four days of the previous week) did not differ significantly in diet
quality compared to those who consumed breakfast at least four days of the previous
week. Interestingly, when comparing those who consumed breakfast every day in the
previous week to those who did not, skippers had significantly lower diet quality. While
these findings might seem contrasting, in both cases, the point estimate was relatively
small, suggesting that skippers’ diet quality seems relatively comparable to consumers.
However, the non-significant findings of Model 1A illustrate the importance of a
standardized definition of breakfast skipping, as it may lead readers to differing
conclusions about the relationship between breakfast consumption and diet quality.
The findings of Model 1B are largely in line with previous literature that seems to
suggest that skippers have slightly lower diet quality scores than consumers. In a similar
study, Hopkins et al. (77) investigated the association between habitual breakfast
skipping (measured as an ordinal variable, with six different categories) and diet quality
(measured by the Healthy Eating Index-2010; HEI-2010) among adolescents in the
United States. The study found that for every 1-unit increase in the breakfast
consumption category, a 0.7 increase in HEI-2010 score would be expected. As such,
when comparing never skippers to always skippers, a 3.5 difference in HEI-2010 score
would be expected, which is similar to the findings of the present study, which found a
2.9 difference in HEI-2015 scores between those who consume breakfast 7 days a week,
compared to those that skip at least once. Similar to the current study, Hopkins et al. (77)
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controlled for age, gender, household income, and race, though, also controlled for BMI,
which the present study did not. Additionally, the Hopkins et al. (77) study was
conducted in a predominantly low-income urban setting, while the present study’s
participants were recruited based on the high school they attended in Southwestern
Ontario.
Rodrigues et al. (168) used the Brazilian Healthy Eating Index-Revised (BHEI-R) to
measure diet quality among Brazilian adolescents (aged 14-18 years old). This study
showed that irregular breakfast consumers had a predicted BHEI-R score 1.1 points lower
(95% C.I. -2.0, -0.2) compared to satisfactory breakfast consumers. Similar to the present
study, the authors controlled for gender, calories, age, and physical activity, but also
controlled for alcohol intake, which has previously been associated with breakfast
skipping in adolescents (169). Despite the differences in covariates used between the
study by Rodrigues et al. (168) and the current study, a difference in score of 1.1 is
relatively minimal, representing 1.1% of the maximum score, again providing confidence
in the present study’s findings.
The non-significant findings of Model 1A are not necessarily surprising either, as a
previous study by Wadolowska et al. (117) found similar results for habitual breakfast
skipping among adolescents aged 11 to 13 years old in Poland. The study found that
individuals who skipped breakfast frequently (≥ 4 times per week) were not significantly
less likely to have a moderate/high pro Healthy Diet Index (pHDI) score, nor a
moderate/high non-Healthy Diet Index (nHDI) score, compared to those who never skip
breakfast. This definition of breakfast skipping is identical to the definition used in the
present study’s Model 1A, and perhaps might explain why the authors did not find a
significant relationship. Additionally, the authors note that the indices were rather
simplistic in nature (each consisted of four food items), which might have contributed to
the non-significant findings.
Taken together, the findings of Model 1A and 1B demonstrate that while those who skip
breakfast 4 times or more per week are not significantly different in diet quality (when
compared to those who skip less), there is a significant difference in diet quality among
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those who eat breakfast every day and those that skip once or more. However, in both
cases, the magnitude of the difference favouring consumers is relatively minimal, once
important covariates have been controlled for. As such, while breakfast has been heralded
as the most important meal of the day, neither Model 1A nor 1B appear to offer strong
support for this notion, as those who routinely skip it do not appear worse off in terms of
their diet quality scores. However, this model sought to compare routine skippers, rather
than whether they skipped breakfast for the day of their reported dietary recall (from
which their dietary quality was assessed). The latter question was investigated in Model 2
and is discussed in the next section.

5.2
5.2.1

Missing Breakfast and its Impact on Diet Quality
Healthy Eating Index-2015 (HEI-2015) Scores and SubScores

Model 2 compared individuals who reported a breakfast on their 24-hour dietary recall to
those who did not, finding that individuals who missed breakfast had significantly lower
predicted HEI-2015 scores. Model 2 included all the previous covariates of Model 1, but
also controlled for habitual breakfast skipper status. The magnitude of the difference is
somewhat larger than what was found in Model 1, suggesting that the act of skipping
breakfast might be more pertinent to measure, rather than whether someone habitually
skips breakfast. Indeed, previous literature has consistently found an association between
lower diet quality and adolescents that skipped breakfast that day (see Appendix A).
In a similar Canadian study, Woodruff et al. (124) found that among adolescents aged 1317 years old, those who consumed breakfast had significantly higher Canadian Healthy
Eating Index (HEI-C) scores than those who did not record a breakfast on their 24-hour
dietary recall (71 ± 12.4 vs. 64 ± 14.0, respectively). This difference in score equates to
approximately an 11% difference, comparable to the present study’s findings of an 8%
difference between those who did not report eating a breakfast and those that did. The
slight difference in magnitude can possibly be attributable to the fact that the HEI-C does
not consider diet quality as a function of calories, while the HEI-2015 does. Additionally,
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the means provided by Woodruff et al. (124) are unadjusted estimates, suggesting the
difference might be slightly attenuated, had covariates been utilized.
A separate Canadian study, also by Woodruff et al. (125) found that among 11-13 year
old adolescents, those who skipped breakfast were 2.78 times more likely (95% C.I.; 1.92
– 3.85) to have poorer diet quality (as defined by an HEI-C score <50) than those who ate
breakfast at home with their family. Additionally, while Woodruff et al. (125) separated
students by whether they consumed breakfast at home with their parents, the present
study only considered whether they ate breakfast or not. This might have impacted their
findings, as research shows that children who eat more family meals tend to have better
diet quality (170,171).
Finally, Barr et al. (5), using Canadian Community Health Survey data (CCHS), found
that when comparing adolescents’ (aged 13-17 years old) Nutrient Rich Foods Index-9.3
scores (NRF-9.3), those who consumed breakfast had a diet quality score approximately
16% higher than those who skipped breakfast. This difference is substantially larger than
what was found by this present study (which found an 8% difference), although these
estimates provided were unadjusted means, and the predicted values given by the
regression were not disclosed. As such, while the difference in diet quality scores
presented by Barr et al. (5) were statistically significant, the point estimates of these
scores are unknown, and the difference may be somewhat lower than 16%, when
covariates were controlled for.
HEI-2015 sub-scores were also investigated in the present study between those who
consumed breakfast and those who did not, to better understand differences in
consumption of certain foods. Those who skipped breakfast had significantly lower
scores in Total Fruits, Sodium, and Saturated Fat categories. However, those who did not
consume breakfast also scored significantly higher in the Total Vegetables and Added
Sugars categories. It should be noted that scoring higher in all categories is indicative of a
higher quality diet, and in instances such as Refined Grains, Added Sugars, and Sodium,
a lower intake would equate to a higher score.
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The finding that those who miss breakfast consume more sodium and saturated fat, but
have a lower fruit intake is largely consistent with previous research (39,72,88,172–175).
However, the finding that those who skipped breakfast might consume more vegetables
and less added sugars (on a per calorie basis) is relatively novel. The mechanism by
which those who skip breakfast might consume more vegetables on a per calorie basis
could potentially be explained by the fact that vegetables are not a common staple at
breakfast in North America. Indeed, research has suggested that among Canadians, the
most common foods consumed at breakfast include cereals, bread, fruit, eggs, yogurt,
sandwiches, bagels, waffles, bacon, cheese, or muffins (176). By skipping breakfast,
teens are not necessarily missing out on any vegetables; however, they are usually
consuming less calories than their breakfast consuming counterparts. It is thus
conceivable that teens who skip breakfast may consume just as many vegetables as their
breakfast consuming counterparts yet consuming less calories. However, past research
has found that this is not the case (76,172,174,177,178).
An alternative theory as to why breakfast skippers may have reported higher
vegetable/lower added sugar intake could potentially be attributed to selective
misreporting (179). Past research has found that overweight/obese individuals (including
teens) are more likely to underreport their true energy intake on dietary recalls (180), and
as previously mentioned, teens who skip breakfast are more likely to be overweight/obese
(78). While weight was not assessed in the current study, it is plausible the same
phenomenon occurred, where breakfast skippers may have (intentionally or
unintentionally) underestimated their true intake of foods deemed “unhealthy”, and/or
exaggerated the true intake of “healthy” foods, in accordance with social desirability bias
(179,181). This could potentially explain why those who did not report a breakfast had
significantly higher vegetable intake, and lower added sugars. Finally, as with any novel
finding, there is a possibility this was a spurious finding, as the differences in these subscores were relatively minimal, despite favouring those who skipped breakfast.
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5.2.2

Interaction Between Habitual Skippers and Skipping
Breakfast

Model 3 investigated a potential interaction between habitual skippers (defined as those
who skipped breakfast four or more days in the previous week) and the act of skipping
breakfast, to predict what a habitual skipper’s diet quality might be on days they
consumed breakfast, compared to days when they skipped. This allowed for the
interpretation of the theorized impact of breakfast skipping, and whether it affected
habitual consumers differently than habitual skippers. Ultimately, there was no
significant interaction effect, and whether a habitual skipper skipped, or consumed
breakfast seemed to have little impact on their diet quality scores. This is an interesting
finding, and challenges the notion that simply by consuming breakfast, teens who skip
breakfast can improve their diet quality.
Coulthard et al. (100) investigated a similar question, by utilizing multiple diet records of
individuals aged 11-18 years old between 2008 and 2012 in the United Kingdom, to
determine the association between breakfast consumption and diet quality. This study
was also able to examine within-person differences, comparing individuals on days when
breakfast was consumed, to days when it was not consumed, and then assessing their
corresponding nutrient intakes. When comparing days when breakfast was consumed to
days when it was not consumed, the days with breakfast had an average of 118 less
calories, 61 more mg of sodium per 1000 kcal, and 38mg more of calcium per 1000 kcal,
while iron, vitamin C, folate, and fibre did not differ significantly between days. While
the study was not limited to habitual breakfast skippers, it does once again, reiterate the
notion that once important covariates have been controlled for, eating or skipping
breakfast appears to impact diet quality minimally.
It is interesting that Model 3 showed no significant changes in diet quality regardless of
whether a habitual breakfast skipper consumed or skipped breakfast, as the same was not
true for habitual breakfast consumers. Together, Figure 4-1 and Table 4-8 show a stark
contrast in the association of breakfast skipping and diet quality between those who
habitually consume breakfast, and those who habitually skip, suggesting that habitual
consumers’ diet quality would be expected to drop by approximately 7.2 points, while
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habitual skippers would only be expected to drop 1.9 points, if breakfast was skipped.
While in both groups, the consumption of breakfast would be expected to increase diet
quality, habitual consumers who skip breakfast appear to experience a much more severe
drop, when compared to habitual skippers. The mechanism by which the act of skipping
breakfast might affect habitual consumers more than habitual skippers is unknown and
has not previously been explored in adolescents.
One potential explanation why habitual breakfast consumers appear to be much worse off
when they miss breakfast could be related to the relationship between circadian rhythms,
metabolism, and nutrition (182). It is possible that a habitual breakfast consumer may be
less acclimated to skipping breakfast (compared to habitual breakfast skippers), such that,
when they miss breakfast, neurotransmitters involved in appetite may still be primed to
expect a meal, causing hunger. Past research has found that meal patterns can influence
leptin levels (an important neurotransmitter involved in satiation) (183), suggesting that
meal patterns are likely involved in regulating hunger and food cravings. Supporting this
notion, Asao et al. found, using National Health and Nutrition Examination Survey
(NHANES) data, that for a one-unit increase in log-transformed leptin level, adults in the
United States were 1.6 times more likely to be breakfast skippers (184). If habitual
breakfast consumers are experiencing hunger, yet no breakfast is consumed, it is certainly
plausible they may reach for less nutritious food later, as research shows that as hunger
increases (as well as ghrelin, another important neurotransmitter involved in appetite), the
desire for calorically dense foods increases (185). This in turn, may be leading to
decreased diet quality on days when breakfast is not consumed, as calorically dense foods
tend to be less nutritious (186).
A second possible explanation as to why the diet quality of habitual breakfast skippers
did not vary much whether they ate or skipped breakfast may be related to the relatively
low number of individuals in this group. Of the 512 individuals included in the analysis,
104 were habitual breakfast skippers, and of these, only 41 habitual breakfast skippers
did not report a breakfast on the day of their dietary recall. As such, it is possible that the
difference in diet quality among habitual skippers might be better elucidated with more
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individuals, and perhaps show a similar contrast as was shown among breakfast
consumers.

5.3
Skippers have Comparable Nutrient Intakes to
Consumers
Model 4 investigated predicted nutrient intakes among those who reported a breakfast on
their dietary recall and those who did not, finding that those who skipped breakfast had
significantly lower intakes of calories, vitamin C, and saturated fat, while having
significantly higher intakes of total fat, and sodium. The finding that skipping breakfast is
associated with a lower energy intake is largely supported by previous research (see
Appendix A). Importantly, one randomized controlled trial by Zakrzewski-Fruer et al.
(95) investigated the impact which the omission of breakfast would have on energy
intake among adolescent females aged 11-15 years old. Those who were randomized to
skip breakfast consumed approximately 353 calories less than those randomized to
consume breakfast. Interestingly, the skippers consumed more calories at subsequent
meals, but it was not enough to make up for the calories missed at breakfast. While the
present study did not investigate other meals beyond breakfast, it is certainly plausible
that this occurred among these teens as well, leading to the finding of reduced calories
among skippers.
The finding that vitamin C was significantly lower among breakfast skippers is also
consistent with previous literature. In a similar study, Affenito et al. (71) found that those
who consumed a noncereal breakfast consumed 90 mg of vitamin C, while those who
skipped breakfast consumed approximately 69 mg of vitamin C for the corresponding
day. This difference equates to 21 mg, which is almost identical to the difference found in
the present study, suggesting that on average, skippers tend to consume less vitamin C.
This, coupled with the fact that numerous other studies have also found that skippers
generally consume less vitamin C (72,88,187,188), strengthens confidence in the present
study’s finding.
The most likely explanation why individuals who skipped breakfast did not consume as
much vitamin C stems from the fact that they consumed significantly less fruit than those
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who consumed breakfast. Indeed, fruits are among the best sources of vitamin C,
especially citrus fruits such as grapefruit and oranges (189). However, while those who
skipped breakfast consumed significantly less vitamin C than those who consumed
breakfast, predicted intakes of both groups exceeded the Recommended Dietary
Allowance (RDA) for females aged 14-18 years old (152), suggesting that whether one
skips or eats breakfast should not impact whether they consume enough vitamin C.
Additionally, the most recent evidence from CCHS suggests that less than 10% of teens
have inadequate intake of vitamin C (190), indicating that most teens are consuming
enough, even if those who eat breakfast tend to consume more.
The finding that those who skipped breakfast consumed significantly higher total fat is
also largely in line with previous research (72,100,173,175,191), although whether
skipping breakfast is associated with higher or lower sodium intake is unclear. Whereas
Coulthard et al. (100) found that skipping breakfast was associated with lower sodium
intake, Affenito et al. (71) found that non-cereal breakfast consumers consumed
significantly more sodium than their breakfast skipping counterparts. These mixed
findings make it difficult to make conclusive statements about breakfast skipping and
sodium intake. However, consistent with previous literature (7), the average intake of
sodium in the present study well exceeded the RDA (1500 mg), and both groups
consumed more than the Tolerable Upper Intake Level (TUL; 2300 mg), which is the
maximum amount which individuals are thought to be able to consume without any
detrimental effects to their health (192). As such, while the present study suggests that
breakfast consumers may consume substantially less sodium (22% of the RDA) than
skippers, regardless of group, teens are consuming too much sodium, which can have
drastic impacts on their health (193).
The final nutrient which was found to significantly differ between those reporting a
breakfast and those who did not is saturated fat, with skippers consuming 2.9 grams less
than consumers. This finding is somewhat novel (especially considering total fat was
higher in skippers), and inconsistent with most studies which suggest saturated fat intake
is generally higher among teens who skip breakfast (72,173,175). Indeed, while a similar
study by Nicklas et al. (76) also found a significantly lower intake of saturated fat among
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teens, this study did not control for calories (which skippers had consumed significantly
less), and may partially explain their findings. The mechanism by which skipping
breakfast might cause an individual to consume less saturated fat (per calorie) is
unknown and may be a result of a spurious finding. However, it is possible that
individuals who consumed breakfast may be more likely to choose popular breakfast
foods high in saturated fat such as bacon or other processed meats, butter, and/or other
high fat dairy products (e.g., cream cheese) (194).
Lastly, while it is important to address significant nutrient differences, it is equally
important to note which nutrients were not significantly different between those who
skipped and those who ate breakfast. Using the Nutrient Rich Foods Index-9.3 (NRF-9.3)
(110) as a reference for pertinent nutrients to encourage and which to limit, those who
skipped breakfast did not differ significantly in their predicted protein, fibre, calcium,
vitamin A, vitamin E, iron, potassium, magnesium, and sugar intake. Apart from vitamin
C intake, most differences appear to be relatively minor, further adding credence to the
notion that when important covariates are controlled for, the diet quality of skippers and
consumers would be expected to be relatively comparable.

5.4

Breakfast’s Contribution to Nutrient Intake

Table 4-10 outlined the average percentages of one’s total daily nutrient intake that was
consumed at breakfast, to determine how breakfast contributes to certain nutrient intakes.
Breakfast represented on average, 20-40% of one’s total daily nutrient intake, depending
on the nutrient. In terms of energy, breakfast represented approximately 28% of one’s
total caloric intake, which is slightly larger than what was found in a similar Canadian
study by Barr et al. (5), which found that among teens aged 13-17 years old, breakfast
represented approximately 23% of one’s total daily energy intake. This amount is also
slightly larger than recommendations suggested by O’Neil et al. (195), who state that
breakfast should make up 15-25% of one’s total daily energy intake, which they base
upon the allowance of snacking occasions throughout the day. The present study’s
findings were also slightly larger than what was found by Drewnowski et al. (93), who
found that among adolescents in the United States, breakfast contributed approximately
22% of their total daily energy. However, while the present study found a larger
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contribution of breakfast towards total daily energy, it is largely in line with previous
literature suggesting that individuals should get approximately 25% of their total daily
energy from breakfast (93,196).
Pertinent nutrients that were largely overconsumed (relative to energy) among breakfast
consumers included sugars (39.4% of one’s total daily intake at breakfast), calcium
(36%), vitamin B2 (34.4%), vitamin A (35.0%), and added sugars (37.8%). Perhaps
unsurprisingly, each of these nutrients have been approved for fortification in either
breakfast cereals or the milk which often accompanies it (104,197), suggesting that one
potential reason for the higher intakes may be related to consumption of Ready-To-EatCereals (RTEC). However, it should be noted that none of these nutrients significantly
differed from breakfast skippers, once important covariates had been controlled for. As
such, while breakfast appears to be important for consumption of these nutrients, it is
likely that they can be made up at other mealtimes, as evidenced by the non-significant
differences between skippers and consumers.
Particularly concerning of these nutrients was the large amount of sugar consumed at
breakfast, and worse, in the form of added sugar. While many cereals are fortified with
beneficial nutrients, they can also be a notorious culprit of containing large amounts of
added sugar (198,199). Added sugar is much more detrimental than natural sugar;
whereas foods such as whole grains, dairy products, and fruit contain natural sugar, they
also contain other nutrients to offset the negative impacts of sugar. Conversely, added
sugar is artificially added to products, and contains no nutritional benefits (200). The
finding that almost 40% of a breakfast consumer’s added sugar intake comes exclusively
at breakfast is alarming, and is substantially higher than what was found in previous
studies (5,93,201). Research has consistently found a correlation between excessive sugar
intake, type 2 diabetes, and even various forms of cancer (202), and if breakfast is a
major contributor to added sugar intake, it could be negatively affecting teens.
The additional finding that near 40% of one’s daily calcium intake was consumed at
breakfast is intriguing and suggests that breakfast is an important time for calcium intake.
A similar study by Ruiz et al. (203) found that among teenagers (13-17 years old) in
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Spain, breakfast contributed approximately 45% of their total daily calcium intake,
despite only providing 18% of their total daily energy intake. While teens consumed
more energy (as a percentage of total energy) at breakfast in the current study, the amount
of calcium provided is strikingly similar. Additionally, both Drewnowski et al. (93) and
Barr et al. (5) found that breakfast provided between 25-30% of one’s total daily calcium
intake, and while the contribution is lower than what the present study found, in both
studies, calcium contribution exceeded energy contribution. These studies help bolster
confidence in the present study’s findings that breakfast appears to be important for
calcium intake. However, it should be noted that the current study found that teens who
skipped breakfast would be expected to have identical calcium intake (once covariates
had been considered), suggesting that breakfast may not be essential for adequate
calcium intake.
The finding that vitamin A and vitamin B2 were consumed in large amounts at breakfast
is not surprising, as both nutrients are found commonly in breakfast foods such as eggs,
oats, dairy (e.g., milk, yogurt, cheese), and breakfast cereals (204,205). This finding is
also largely in line with previous literature which suggests breakfast is an important
contributor to vitamin A and B2 intakes (5,93,203). However, again, the present study
found that these nutrients did not significantly differ from those who did not report a
breakfast on their dietary recall, suggesting that while breakfast can serve as an important
time to consume these nutrients, teens are consuming them at other meals as well.
Finally, while it is important to address nutrients consumed in abundance at breakfast, it
is also necessary to examine which nutrients are not consumed in large quantities.
Vitamin K and eicosapentaenoic acid (EPA) were both consumed in small quantities at
breakfast, indicating that breakfast is likely not an important meal for ensuring adequate
intake of these nutrients. This is unsurprising, as vitamin K is found primarily in green
leafy vegetables such as spinach, collards, and kale (206), while EPA (a type of
polyunsaturated fat) is found almost exclusively in fish (207), two foods which are not
considered common breakfast foods (176). As such, while these are important nutrients,
it is likely that breakfast does not play an important role in ensuring one meets the
recommended intake.
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5.5

Other Findings

This thesis’ primary goal was to determine breakfast’s importance on diet quality, which
was discussed in previous chapters. However, there are other notable findings that also
deserve brief discussion. Firstly, Models 1-3 demonstrated that individuals who consider
themselves vegetarians had significantly higher diet quality scores than non-vegetarians.
This finding is supported by previous literature, which suggests that vegetarians may be
at lower risk for chronic diseases such as Type II Diabetes, hypertension, and heart
disease (208), all of which have strong ties to nutrition. Additionally, in a recent
systematic review, Parker et al. (139) found that in 9/12 studies adult vegetarians had
Healthy Eating Index – 2010 scores 4.5 to 16.4 points higher than nonvegetarian adults.
The present study’s findings (whereby, vegetarians had HEI-2015 scores 10.6 points
higher) are largely in line with the systematic review, despite the current study being
conducted in adolescents.
Socioeconomic status and sociodemographic characteristics were also assessed in the
present study, via several measures. The first measure, ethnicity, has commonly been
associated with numerous health outcomes (209). Previous research has suggested that
non-white minorities tend to have lower diet quality than whites (138), however, the
present study found no significant differences between those white and non-white. In a
similar study, Lipsky et al. (210) investigated the diet quality of adolescents in the United
States, finding that Hispanics had significantly higher Healthy Eating Index-2010 scores
than whites and non-Hispanic blacks. It is possible that Hispanics in the present study
(grouped as non-white) also had higher diet quality, perhaps offsetting any benefit which
whites had in terms of diet quality, compared to non-whites, which may have contributed
to the non-significant findings.
The second measure of socioeconomic status was parental education, with all models
finding a statistically significant benefit to diet quality, with higher education. This is
largely in line with previous literature that shows that higher parental education is
associated with higher diet quality in children/teens. Bawaked et al. (211) found that
Spanish children (aged 8-10) were more likely to have a higher diet quality score (as
measured by the Mediterranean Diet Quality Index) if the mother had higher education,
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compared to those whose maternal education was lower. Reasons for this association are
thought to be related to maternal nutritional knowledge, better parenting practices, and
more available resources (212,213).
The third measure of socioeconomic status, neighbourhood median income, was also
found to be significantly associated with higher diet quality scores among teens in the
present study. This finding is also largely in line with previous literature which suggests
that individuals living in higher income neighbourhoods tend to have better diet quality
(214–216). One theory for this occurrence is related to the likelihood that individuals
living in high income neighbourhoods have high income themselves, which is associated
with higher diet quality (presumably due to increased resources to afford healthier foods)
(142,217). However, it has also been found that low-income neighbourhoods have less
availability of healthy foods, thereby leading residents to purchase more
convenient/accessible foods, which are lower in nutritional value (218,219).

5.6

Policy Implications

Overall, the average diet quality of teens in this study was very poor, regardless of
whether they consumed breakfast or not. Using Krebs-Smith et al.’s grading approach
(220) for HEI-2015 scores, both skippers and consumers would be given an “F”,
suggesting there is much room for improvement. Consequently, while breakfast remains
an attractive meal to intervene upon in hopes of improving teens’ diets, it is likely that
simply eating breakfast will not result in major improvements in diet quality. Rather, it is
extremely important to promote nutritious breakfast meals, and dissuading unhealthy
choices which would negatively impact diet quality. One popular method adopted by
numerous countries to combat poor nutritional intake has been the adoption of School
Nutrition Programs (SNPs), and specifically, school breakfast programs.
Canada is among the minority in industrialized nations, in that it does not have a federally
funded school breakfast program (221), instead relying on provinces to fund their own
programs, should they decide to do so. While these programs have undoubtedly been
growing in number (221), they are not universal, depriving many Canadian youth from
the opportunity of participating, should they need/wish to. Without federal assistance, the
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burden for funding for these programs rests largely on the municipal and provincial
governments, corporate donors, and in some cases, the parents themselves. Depending on
the availability of funding, schools may not be able to properly support a breakfast
program (or sacrifice the quality of breakfast due to budget constraints), which otherwise
would have been able to provide a nutritious breakfast.
Previous research has found that school breakfast programs are associated with higher
school attendance (222), better diet quality (223), and can potentially improve cognitive
performance (224). However, a recent systematic review by Godin et al. (221) found that
there are numerous inconsistencies among breakfast program recommendations within
Canada. Notable inconsistencies include the practice of providing fruit juice or fruit
drinks, flavoured milks, and the provision of caffeinated beverages (e.g., energy drinks,
coffee), among others. These inconsistent recommendations could be resolved if Canada
decides to implement federal policy regarding school breakfast programs (and expand it
to include secondary schools), thereby mandating for the provision of a standardized
nutritious breakfast, should youth decide to partake.
Regardless of whether Canada adopts a federally funded breakfast program, more work
can be done to improve the diet quality of teens, especially regarding breakfast. Previous
studies have found that even when breakfast programs are provided, they are not always
used by students (221,225,226). Therefore, other avenues of improving breakfast quality
among teens (with the eventual goal of improving total diet quality) need to be
considered. Clearly, it is not enough for health advocates and public health officials to
simply tell teens to consume breakfast and expect that their diet quality will improve
meaningfully. If breakfast truly is the most important meal of the day, then teens are not
receiving the most possible benefit from it, even among those who do consume breakfast.
As such, stronger efforts need to be made to educate and/or provide teens with more
nutritionally sound breakfasts, as presently, it does not appear to be strongly associated
with higher diet quality.
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5.7

Future Research

Future research on this topic should attempt to establish a formalized definition for what
constitutes breakfast, to ensure that research surrounding this topic is consistent, and that
measurement error affects findings as minimally as possible. While there have been
numerous definitions of breakfast skipping used in the past, with all largely suggesting
that diet quality is superior among consumers, the somewhat contrasting findings of
Model 1A and Model 1B in the present study demonstrate how different definitions can
lead readers to differing conclusions. However, if a formalized definition is never
established, then multiple definitions should be utilized (within the same study) to inspire
confidence and demonstrate the rigorousness of study findings.
Secondly, it is important that more randomized controlled trials be performed among
teens to reliably establish if there is a causal mechanism associated with consuming
breakfast and improving diet quality. The present study’s literature review found that of
the 40 studies included for review, only two of them were randomized controlled trials.
Moreover, both came to opposite conclusions surrounding whether breakfast increases or
decreases energy intake, making it difficult to make broad conclusions about the findings.
To definitively establish breakfast’s role in diet quality, high quality randomized
controlled trials must be undertaken among adolescents to determine breakfast’s
importance.
Thirdly, this study was the first to classify individuals as habitual consumers/skippers and
investigate a potential interaction with the act of skipping breakfast. The differing effect
that skipping breakfast would be expected to have between consumers and skippers is
intriguing and deserves further investigation to determine if the act of skipping breakfast
lowers habitual consumers’ diet quality scores more, or if it is consistent between the
two. While this study had relatively few participants who were habitual skippers and who
skipped breakfast the day of the dietary recall, future research with larger sample sizes
are needed to investigate this relationship more thoroughly. Finally, future research
should consider diet quality as a function of calories, considering the consistent finding
that skippers tend to consume less calories.
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5.8

Limitations

The current study has some limitations. Firstly, it is likely there was some underreporting
with respect to food intake by the teens. In both adjusted and unadjusted analyses,
reported energy intakes were much lower than what has been found in previous Canadian
studies (5,72,73,112). While it is unclear why teens had much lower averages, it may be
due in part to the method chosen to gather dietary information. The ASA24 dietary
assessment tool is thorough in inquiring about specifics of food intake, but it can be timeconsuming to accurately fill out. Students were given upwards of one hour to complete
both the youth survey and a dietary recall via ASA24, and it is possible students may
have become fatigued and/or forgetful in their completion of the dietary recall. However,
the results of our study suggest that the relative difference between breakfast skippers and
consumers is similar to what has been found in other research, adding confidence to the
reliability of the findings. As well, both diet quality scores and predicted nutrient intakes
were measured as a function of calories, negating the impact that underreporting would
potentially have had on the findings.
Secondly, only one 24-hour dietary recall was used to capture the intake of adolescents in
the present study. While it has been previously suggested that at least three 24-hour
recalls are needed to estimate usual energy intake (227), the present study sought to
capture usual intake, utilizing only one diet recall. However, it is important to note that
the objective of the current study was not to characterize any one individual’s usual
intake, but instead try to capture the average intake of two groups of individuals. While
ideally, multiple 24-hour dietary recalls would be useful to establish usual intake for each
individual (and also allow for within-person comparisons between days), only baseline
information was used for the present study, as future recalls from individuals would
likely be impacted by the participants’ use of the SmartAPPetite phone application.
Thirdly, it should be acknowledged that this present study has treated breakfast skipping
as though it were a choice for all individuals. Unfortunately, information regarding food
insecurity nor food availability was questioned for the purposes of this study. It is quite
possible that some breakfast skippers may be abstaining from consuming breakfast
simply because the resources are not available. While all attempts were made to consider
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socioeconomic factors, it is possible that food insecurity (which has previously been
linked with poorer diet quality (228)) may have had an impact on the present study’s
findings as well. However, if this truly is playing a role, it is likely that it is negatively
affecting skippers’ diet quality (as previous research has found those who skip breakfast
are more likely to be food insecure (229)), suggesting that skippers and consumers’ diet
qualities may be even more similar than what the present study has found. As such, the
main conclusions of this study would likely not be affected, had food insecurity been
inquired about.
Lastly, when defining habitual breakfast skippers and habitual consumers, the present
study did not differentiate between breakfasts skipped during weekdays and breakfasts
skipped during weekend days. It is possible that individuals who skip breakfast on the
weekends and during the week may have significantly lower diet quality than those who
only skip during the week, as one study found that weekend breakfasts’ tended to have
more food groups included than weekday breakfasts (230). However, in the present
study, both would be classified as habitual skippers. Therefore, it is also possible that
those who only skip during the week (and not weekend days) are responsible for
attenuating the difference between habitual skippers and consumers, which might account
for the non-significant findings of Model 1A. Nonetheless, when comparing teens who
eat breakfast every day to those who do not, the magnitude of difference in diet quality
scores between skippers and consumers was almost identical, suggesting that this likely
did not impact the findings.

5.9

Conclusion

This thesis sought to compare diet quality (measured as diet quality index scores and
nutrient intakes) between teens who skip breakfast and those who consume breakfast.
Breakfast consumers enjoyed a small, yet significant advantage in diet quality scores,
while consuming significantly more calories, saturated fat, and vitamin C, along with
significantly less total fat, and sodium. The differences in nutrient intakes were relatively
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small in magnitude, once important covariates had been controlled for, suggesting that
breakfast is not largely responsible for determining one’s diet quality score.
Overall, average diet quality was poor, regardless of whether individuals consumed or
skipped breakfast. Consequently, findings from this study do not support the notion that
simply consuming breakfast is likely to result in meaningful differences in diet quality.
While breakfast may provide other benefits beyond diet quality, this study suggests that
consumers only enjoy a slight benefit, and it is likely not a necessity for a high-quality
diet. As such, nutrition educators and public health officials need to consider other
avenues to improve diet quality among teens, besides simply telling them to consume
breakfast. Better advice would be to say that overall diet quality can be improved by
improving breakfast quality. This thesis adds to the existing literature by finding that
consumers enjoy a slight benefit in diet quality over skippers, yet overall, teens’ diet
quality remains poor, and is in substantial need of improvement to help reduce long-term
risk for non-communicable diseases and to improve overall health.

87

References
1.

Stangor C, Walinga J. 7.3 Adolescence: Developing Independence and Identity –
Introduction to Psychology – 1st Canadian Edition [Internet]. 1st ed. BCcampus;
2014 [cited 2019 Sep 30]. Available from:
https://opentextbc.ca/introductiontopsychology/chapter/6-3-adolescencedeveloping-independence-and-identity/

2.

Statistics Canada. Canadian youth and full-time work: A slower transition
[Internet]. 2018 [cited 2019 Oct 1]. Available from:
https://www150.statcan.gc.ca/n1/pub/11-630-x/11-630-x2017004-eng.htm

3.

Bassett R, Chapman GE, Beagan BL. Autonomy and control: the co-construction
of adolescent food choice. Appetite [Internet]. 2008 [cited 2019 Oct 1];50(2–
3):325–32. Available from: http://www.ncbi.nlm.nih.gov/pubmed/17936413

4.

Garriguet D. Diet quality in Canada. Heal reports [Internet]. 2009 Sep [cited 2019
Sep 26];20(3):41–52. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/19813438

5.

S.I. B, H. V, Barr SI, Vatanparast H, Smith J, S.I. B, et al. Breakfast in Canada:
Prevalence of consumption, contribution to nutrient and food group intakes, and
variability across tertiles of daily diet quality. A study from the international
breakfast research initiative. Nutrients [Internet]. 2018;10(8):985. Available from:
http://www.mdpi.com/2072-6643/10/8/985/pdf

6.

Minaker L, Hammond D. Low Frequency of Fruit and Vegetable Consumption
Among Canadian Youth: Findings From the 2012/2013 Youth Smoking Survey. J
Sch Health. 2016 Feb 1;86(2):135–42.

7.

Health Canada. Sodium Intake of Canadians in 2017 [Internet]. 2018 [cited 2019
Oct 2]. Available from: https://www.canada.ca/en/healthcanada/services/publications/food-nutrition/sodium-intake-canadians-2017.html

8.

Movassagh EZ, Baxter-Jones ADG, Kontulainen S, Whiting SJ, Vatanparast H.
Tracking dietary patterns over 20 years from childhood through adolescence into
young adulthood: The saskatchewan pediatric bone mineral accrual study.
Nutrients [Internet]. 2017 Sep 1 [cited 2020 Aug 5];9(9):1–14. Available from:
/pmc/articles/PMC5622750/?report=abstract

9.

Wirt A, Collins CE. Diet quality - What is it and does it matter? Public Health Nutr
[Internet]. 2009 [cited 2020 Oct 6];12(12):2473–92. Available from:
https://pubmed.ncbi.nlm.nih.gov/19335941/

10.

Sundararajan K, Campbell MK, Choi Y-H, Sarma S. The relationship between diet
quality and adult obesity: evidence from Canada. J Am Coll Nutr [Internet]. 2014

88

[cited 2019 Sep 25];33(1):1–17. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/24533603
11.

WHO | Controlling the global obesity epidemic [Internet]. [cited 2020 Jun 2].
Available from: https://www.who.int/nutrition/topics/obesity/en/

12.

Statistics Canada. Obesity in Canadian Adults, 2016 and 2017 [Internet]. 2018
[cited 2019 Oct 2]. Available from: https://www150.statcan.gc.ca/n1/pub/11-627m/11-627-m2018033-eng.htm

13.

Obesity Canada. Obesity in Canada - Obesity Canada [Internet]. 2019 [cited 2019
Oct 2]. Available from: https://obesitycanada.ca/obesity-in-canada/

14.

Government of Canada. Tackling obesity in Canada: Childhood obesity and excess
weight rates in Canada - Canada.ca [Internet]. 2018 [cited 2019 Oct 3]. Available
from: https://www.canada.ca/en/public-health/services/publications/healthyliving/obesity-excess-weight-rates-canadian-children.html

15.

Gordon-Larsen P, The NS, Adair LS. Longitudinal trends in obesity in the United
States from adolescence to the third decade of life. Obesity (Silver Spring)
[Internet]. 2010 Sep [cited 2019 Oct 3];18(9):1801–4. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/20035278

16.

Kumar S, Kelly AS. Review of Childhood Obesity: From Epidemiology, Etiology,
and Comorbidities to Clinical Assessment and Treatment [Internet]. Vol. 92, Mayo
Clinic Proceedings. Elsevier Ltd; 2017 [cited 2020 Oct 12]. p. 251–65. Available
from: https://go-galecom.proxy1.lib.uwo.ca/ps/i.do?p=AONE&sw=w&issn=00256196&v=2.1&it=r&i
d=GALE%7CA484460621&sid=googleScholar&linkaccess=fulltext

17.

Public Health Agency of Canada. Curbing Childhood Obesity: A Federal,
Provincial and Territorial Framework for Action to Promote Healthy Weights
[Internet]. 2012 [cited 2020 Oct 12]. Available from:
https://www.canada.ca/en/public-health/services/health-promotion/healthyliving/curbing-childhood-obesity-federal-provincial-territorial-framework.html

18.

Buse JB, Caprio S, Cefalu WT, Ceriello A, Del Prato S, Inzucchi SE, et al. How
do we define cure of diabetes? [Internet]. Vol. 32, Diabetes Care. American
Diabetes Association; 2009 [cited 2020 Oct 12]. p. 2133–5. Available from:
http://creativecommons.

19.

Cromer B, Harel Z. Adolescents: at increased risk for osteoporosis? Clin Pediatr
(Phila) [Internet]. 2000 Oct [cited 2019 Oct 16];39(10):565–74. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/11063037

20.

National Institute of Health. Osteoporosis: Peak Bone Mass in Women | NIH
Osteoporosis and Related Bone Diseases National Resource Center [Internet].
2018 [cited 2019 Oct 3]. Available from: https://www.bones.nih.gov/health-

89

info/bone/osteoporosis/bone-mass
21.

Kalkwarf HJ, Khoury JC, Lanphear BP. Milk intake during childhood and
adolescence, adult bone density, and osteoporotic fractures in US women. Am J
Clin Nutr [Internet]. 2003 Jan 1 [cited 2019 Oct 3];77(1):257–65. Available from:
https://academic.oup.com/ajcn/article/77/1/257/4689661

22.

Golden NH, Abrams SA, Daniels SR, Corkins MR, De Ferranti SD, Magge SN, et
al. Optimizing bone health in children and adolescents. Vol. 134, Pediatrics.
American Academy of Pediatrics; 2014. p. e1229–43.

23.

Swanson D, Block R, Mousa SA. Omega-3 Fatty Acids EPA and DHA: Health
Benefits Throughout Life. Adv Nutr. 2012 Jan 1;3(1):1–7.

24.

Gómez-Pinilla F. Brain foods: The effects of nutrients on brain function. Vol. 9,
Nature Reviews Neuroscience. 2008. p. 568–78.

25.

Healthlink BC. Vitamin B12 Deficiency Anemia [Internet]. 2017 [cited 2019 Oct
15]. Available from: https://www.healthlinkbc.ca/health-topics/hw65706

26.

Cardoso C, Afonso C, Bandarra NM. Dietary DHA and health: Cognitive function
ageing. Nutr Res Rev. 2016 Dec 1;29(2):281–94.

27.

Firth J, Teasdale SB, Allott K, Siskind D, Marx W, Cotter J, et al. The efficacy and
safety of nutrient supplements in the treatment of mental disorders: a meta‐review
of meta‐analyses of randomized controlled trials. World Psychiatry. 2019
Oct;18(3):308–24.

28.

Briguglio M, Dell’Osso B, Panzica G, Malgaroli A, Banfi G, Dina CZ, et al.
Dietary neurotransmitters: A narrative review on current knowledge. Vol. 10,
Nutrients. MDPI AG; 2018.

29.

Fernstrom JD, Fernstrom MH. Tyrosine, Phenylalanine, and Catecholamine
Synthesis and Function in the Brain. J Nutr. 2007 Jun 1;137(6):1539S-1547S.

30.

Leyton M, Young SN, Pihl RO, Etezadi S, Lauze C, Blier P, et al. Effects on mood
of acute phenylalanine/tyrosine depletion in healthy women.
Neuropsychopharmacology. 2000 Jan;22(1):52–63.

31.

Macfarlane GT, Cummings JH. Probiotics and prebiotics: Can regulating the
activities of intestinal bacteria benefit health? West J Med. 1999 Sep;171(3):187–
91.

32.

Ruder DB. The Gut and the Brain | Department of Neurobiology. 2019 [cited 2019
Oct 16]; Available from: https://neuro.hms.harvard.edu/harvard-mahoneyneuroscience-institute/brain-newsletter/and-brain-series/gut-and-brain

33.

Valles-Colomer M, Falony G, Darzi Y, Tigchelaar EF, Wang J, Tito RY, et al. The

90

neuroactive potential of the human gut microbiota in quality of life and depression.
Nat Microbiol. 2019 Apr 1;4(4):623–32.
34.

Le Port A, Gueguen A, Kesse-Guyot E, Melchior M, Lemogne C, Nabi H, et al.
Association between Dietary Patterns and Depressive Symptoms Over Time: A
10-Year Follow-Up Study of the GAZEL Cohort. PLoS One. 2012 Dec 12;7(12).

35.

Pearson C, Janz T, Ali J. Mental and substance use disorders in Canada Health at a
Glance. 2013 [cited 2019 Oct 17]; Available from: www.statcan.gc.ca,

36.

Jacka FN, Kremer PJ, Berk M, de Silva-Sanigorski AM, Moodie M, Leslie ER, et
al. A Prospective Study of Diet Quality and Mental Health in Adolescents. Scott
JG, editor. PLoS One [Internet]. 2011 Sep 21 [cited 2020 Jun 3];6(9):e24805.
Available from: https://dx.plos.org/10.1371/journal.pone.0024805

37.

Schulze MB, Martínez-González MA, Fung TT, Lichtenstein AH, Forouhi NG.
Food based dietary patterns and chronic disease prevention. BMJ. 2018;361.

38.

H.G. L, D. H, S. M, Lillico HG, Hammond D, Manske S, et al. The prevalence of
eating behaviors among Canadian youth using cross-sectional school-based
surveys. BMC Public Health [Internet]. 2014 Apr 7 [cited 2019 Oct 2];14(1):323.
Available from:
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=med10&NEWS
=N&AN=24708863

39.

Medin AC, Myhre JB, Diep LM, Andersen LF, A.C. M, J.B. M, et al. Diet quality
on days without breakfast or lunch - Identifying targets to improve adolescents’
diet. Appetite [Internet]. 2019 Apr 1 [cited 2019 Oct 21];135:123–30. Available
from: http://www.elsevier.com/inca/publications/store/6/2/2/7/8/5/index.htt

40.

Ramsay SA, Bloch TD, Marriage B, Shriver LH, Spees CK, Taylor CA. Skipping
breakfast is associated with lower diet quality in young US children. Eur J Clin
Nutr. 2018 Apr 1;72(4):548–56.

41.

Kral TVE, Whiteford LM, Heo M, Faith MS. Effects of eating breakfast compared
with skipping breakfast on ratings of appetite and intake at subsequent meals in 8To 10-y-old children. Am J Clin Nutr. 2011 Feb 1;93(2):284–91.

42.

Sievert K, Hussain SM, Page MJ, Wang Y, Hughes HJ, Malek M, et al. Effect of
breakfast on weight and energy intake: Systematic review and meta-analysis of
randomised controlled trials. BMJ. 2019 Jan 30;364.

43.

Min C, Noh H, Kang YS, Sim HJ, Baik HW, Song WO, et al. Skipping breakfast
is associated with diet quality and metabolic syndrome risk factors of adults. Nutr
Res Pract. 2011 Oct;5(5):455–63.

44.

O’’Neil CE, Nicklas TA. Breakfast Consumption versus Breakfast Skipping: The
Effect on Nutrient Intake, Weight, and Cognition. Nestle Nutr Inst Workshop Ser.

91

2019;91:153–67.
45.

Gibney MJ, Barr SI, Bellisle F, Drewnowski A, Fagt S, Livingstone B, et al.
Breakfast in Human Nutrition: The International Breakfast Research Initiative.
2018 May 1;

46.

Chenhall C. Improving Cooking and Food Preparation Skills: A Synthesis of the
Evidence to Inform Program and Policy Development - Canada.ca [Internet]. 2010
[cited 2019 Oct 18]. Available from: https://www.canada.ca/en/healthcanada/services/publications/food-nutrition/improving-cooking-food-preparationskills-synthesis-evidence-inform-program-policy-development-2010.html#a41

47.

Lichtenstein AH, Ludwig DS. Bring back home economics education. Vol. 303,
JAMA - Journal of the American Medical Association. 2010. p. 1857–8.

48.

Seabrook JA, Dworatzek PDN, Matthews JI. Predictors of Food Skills in
University Students. Can J Diet Pract Res [Internet]. 2019 Dec 1 [cited 2020 Jul
31];80(4):205–8. Available from: https://dcjournal.ca/doi/10.3148/cjdpr-2019-011

49.

Alkerwi A, Crichton GE, Hébert JR. Consumption of ready-made meals and
increased risk of obesity: Findings from the Observation of Cardiovascular Risk
Factors in Luxembourg (ORISCAV-LUX) study. Br J Nutr. 2015 Jan
28;113(2):270–7.

50.

Larson NI, Perry CL, Story M, Neumark-Sztainer D. Larson et al- (2006) Food
Preparation by Young Adults Is Associated with Better Diet Quality- Journal of
the american dietary association. J Am Diet Assoc. 2006;

51.

Thorpe MG, Kestin M, Riddell LJ, Keast RS, McNaughton SA. Diet quality in
young adults and its association with food-related behaviours. Public Health Nutr.
2014;17(8):1767–75.

52.

Statista. Establishments in the Canadian fast food industry 2010-2019 | Statista
[Internet]. 2019 [cited 2019 Oct 21]. Available from:
https://www.statista.com/statistics/572702/number-of-fast-food-restaurants-incanada/

53.

Statista. Restaurant industry sales Canada 2010-2017 | Statista [Internet]. 2017
[cited 2019 Oct 21]. Available from:
https://www.statista.com/statistics/422536/restaurant-industry-sales-in-canada/

54.

Garriguet D. Canadians’ eating habits. Health Rep. 2007;18(2):17–32.

55.

Schröder H, Fito M, Covas MI. Association of fast food consumption with energy
intake, diet quality, body mass index and the risk of obesity in a representative
Mediterranean population. Br J Nutr. 2007 Dec;98(6):1274–80.

56.

Winkleby MA, Jatulis DE, Frank E, Fortmann SP. Socioeconomic status and

92

health: How education, income, and occupation contribute to risk factors for
cardiovascular disease. Am J Public Health. 1992;82(6):816–20.
57.

Obesity in Canada – Determinants and contributing factors - Canada.ca [Internet].
[cited 2020 Jun 11]. Available from: https://www.canada.ca/en/publichealth/services/health-promotion/healthy-living/obesity-canada/factors.html

58.

Herring J. Summary Measures of Socioeconomic Inequalities in Health [Internet].
2013 [cited 2020 Apr 20]. Available from: www.publichealthontario.ca

59.

Seabrook JA, Avison WR. Socioeconomic Status and Cumulative Disadvantage
Processes across the Life Course: Implications for Health Outcomes. Can Rev
Sociol [Internet]. 2012 Feb [cited 2020 Jul 31];49(1):50–68. Available from:
https://pubmed.ncbi.nlm.nih.gov/22586837/

60.

Faught EL, McLaren L, Kirkpatrick SI, Hammond D, Minaker LM, Raine KD, et
al. Socioeconomic disadvantage across the life course is associated with diet
quality in young adulthood. Nutrients. 2019 Feb 1;11(2).

61.

Ultra-processed foods in Canada: Consumption, impact on diet quality and policy
implications | Canadian Research Data Centre Network [Internet]. [cited 2020 Jun
12]. Available from: https://crdcn.org/ultra-processed-foods-canada-consumptionimpact-diet-quality-and-policy-implications

62.

Canada’s Food Price Report 2020 - Agri‑Food Analytics Lab - Dalhousie
University [Internet]. [cited 2020 Jun 12]. Available from:
https://www.dal.ca/sites/agri-food/research/canada-s-food-price-report.html

63.

Angus Reid Institute. Amid rising food costs, half of low-income households say
the new Canada Food Guide diet is unaffordable - Angus Reid Institute [Internet].
2019 [cited 2020 Jun 12]. Available from: http://angusreid.org/canada-food-guideprices/

64.

Ontario Dietitians in Public Health. FoodLiteracy.ca [Internet]. [cited 2020 Jun
12]. Available from: https://www.odph.ca/food-literacy-1

65.

Nabhani-Zeidan M, Naja F, Nasreddine L. Dietary intake and nutrition-related
knowledge in a sample of Lebanese adolescents of contrasting socioeconomic
status. Food Nutr Bull [Internet]. 2011 [cited 2020 Aug 5];32(2):75–83. Available
from: https://pubmed-ncbi-nlm-nih-gov.proxy1.lib.uwo.ca/22164969/

66.

Adams J, Goffe L, Adamson AJ, Halligan J, O’Brien N, Purves R, et al.
Prevalence and socio-demographic correlates of cooking skills in UK adults:
Cross-sectional analysis of data from the UK National Diet and Nutrition Survey.
Int J Behav Nutr Phys Act [Internet]. 2015 Aug 5 [cited 2020 Aug 5];12(1):99.
Available from: http://www.ijbnpa.org/content/12/1/99

67.

Huisken A, Orr SK, Tarasuk V. Adults’ food skills and use of gardens are not

93

associated with household food insecurity in Canada. Can J Public Heal.
2016;107(6):e526–32.
68.

5 Reasons Your Teen Needs Breakfast [Internet]. [cited 2020 Jun 15]. Available
from: https://www.eatright.org/food/nutrition/healthy-eating/5-reasons-your-teenneeds-breakfast

69.

Unlock Food. Quick and Easy Breakfast Ideas - Unlock Food [Internet]. 2017
[cited 2020 Jun 15]. Available from:
https://www.unlockfood.ca/en/Articles/Cooking-And-Food/Quick-and-Easy-MealIdeas/Quick-and-Easy-Breakfast-Ideas.aspx

70.

Institute of Medicine Committee on Use of Dietary Reference Intakes in Nutrition
Labeling. Overview of Food Fortification in the United States and Canada. 2003
[cited 2020 Oct 12]; Available from:
https://www.ncbi.nlm.nih.gov/books/NBK208880/

71.

S.G. A, D. T, A. D, A.M. A, A. L, Affenito SG, et al. Ready-to-Eat Cereal
Consumption and the School Breakfast Program: Relationship to Nutrient Intake
and Weight. J Sch Health [Internet]. 2013;83(1):28–35. Available from:
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=med9&NEWS=
N&AN=23253288

72.

S.I. B, L. D, Barr SI, DiFrancesco L, Fulgoni VL, S.I. B, et al. Breakfast
consumption is positively associated with nutrient adequacy in Canadian children
and adolescents. Br J Nutr [Internet]. 2014 Oct 28 [cited 2019 Oct
31];112(8):1373–83. Available from: http://journals.cambridge.org/BJN

73.

KE S, RM H, IA L, Driezen P, SN F, LJ M, et al. Determinants of Diet quality
among Canadian adolescents. Can J Diet Pract Res [Internet]. 2009 [cited 2019
Oct 29];70(2):58–65. Available from:
http://www.metapress.com/content/p869j24641857657/fulltext.pdf

74.

Rampersaud GC, Pereira MA, Girard BL, Adams J, Metzl JD. Breakfast habits,
nutritional status, body weight, and academic performance in children and
adolescents. J Am Diet Assoc [Internet]. 2005 May [cited 2019 Oct
29];105(5):742–3. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/15883552

75.

Murakami K, Livingstone MBE, Fujiwara A, Sasaki S. Breakfast in Japan:
Findings from the 2012 National Health and Nutrition Survey. Nutrients [Internet].
2018;10(10). Available from:
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=medl&NEWS=
N&AN=30347762

76.

Nicklas TA, Reger C, Myers L, O’Neil C, TA N, Reger C, et al. Breakfast
consumption with and without vitamin-mineral supplement use favorably impacts
daily nutrient intake of ninth-grade students. J Adolesc Heal [Internet]. 2000 Nov

94

[cited 2019 Oct 22];27(5):314–21. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/11044703
77.

Hopkins LC, Sattler M, Steeves EA, Jones-Smith JC, Gittelsohn J, L.C. H, et al.
Breakfast Consumption Frequency and Its Relationships to Overall Diet Quality,
Using Healthy Eating Index 2010, and Body Mass Index among Adolescents in a
Low-Income Urban Setting. Ecol Food Nutr [Internet]. 2017;56(4):297–311.
Available from:
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=emed18&NEWS
=N&AN=621607083

78.

Monzani A, Ricotti R, Caputo M, Solito A, Archero F, Bellone S, et al. A
Systematic Review of the Association of Skipping Breakfast with Weight and
Cardiometabolic Risk Factors in Children and Adolescents. What Should We
Better Investigate in the Future?. Nutrients [Internet]. 2019 Feb 1 [cited 2020 May
15];11(2). Available from:
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=medl&NEWS=
N&AN=30781797

79.

Smith KJ, Gall SL, McNaughton SA, Blizzard L, Dwyer T, Venn AJ. Skipping
breakfast: longitudinal associations with cardiometabolic risk factors in the
Childhood Determinants of Adult Health Study. Am J Clin Nutr [Internet].
2010;92(6):1316–25. Available from:
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=med7&NEWS=
N&AN=20926520

80.

Shafiee G, Kelishadi R, Qorbani M, Motlagh ME, Taheri M, Ardalan G, et al.
Association of breakfast intake with cardiometabolic risk factors. J Pediatr (Rio J).
2013 Nov;89(6):575–82.

81.

Ho CY, Huang YC, Lo YTC, Wahlqvist ML, Lee MS. Breakfast is associated with
the metabolic syndrome and school performance among Taiwanese children. Res
Dev Disabil. 2015 Aug 1;43–44:179–88.

82.

Marlatt KL, Farbakhsh K, Dengel DR, Lytle LA. Breakfast and fast food
consumption are associated with selected biomarkers in adolescents. Prev Med
reports [Internet]. 2016 Jun [cited 2019 Nov 12];3:49–52. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/26844187

83.

Monzani A, Rapa A, Fuiano N, Diddi G, Prodam F, Bellone S, et al. Metabolic
syndrome is strictly associated with parental obesity beginning from childhood.
Clin Endocrinol (Oxf) [Internet]. 2014 Jul [cited 2019 Nov 12];81(1):45–51.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/23746346

84.

Osawa H, Sugihara N, Ukiya T, Ishizuka Y, Birkhed D, Hasegawa M, et al.
Metabolic Syndrome, Lifestyle, and Dental Caries in Japanese School Children.
Bull Tokyo Dent Coll [Internet]. 2015 [cited 2019 Nov 12];56(4):233–41.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/26657522

95

85.

Metabolic Syndrome: A health crisis hiding in plain sight | Metabolic Syndrome
Canada [Internet]. [cited 2019 Nov 12]. Available from:
https://www.metabolicsyndromecanada.ca/about-metabolic-syndrome

86.

Health Canada. Fats [Internet]. 2019 [cited 2019 Nov 15]. Available from:
https://www.canada.ca/en/health-canada/services/nutrients/fats.html#he

87.

Health Canada. History of Canada’s Food Guides from 1942 to 2007 - Canada.ca
[Internet]. 2007 [cited 2019 Nov 28]. p. 18. Available from:
https://www.canada.ca/en/health-canada/services/canada-food-guide/about/historyfood-guide.html

88.

Pereira JL, Castro MA de, Hopkins S, Gugger C, Fisberg RM, Fisberg M.
Prevalence of consumption and nutritional content of breakfast meal among
adolescents from the Brazilian National Dietary Survey. J Pediatr (Rio J)
[Internet]. 2018;94(6):630–41. Available from:
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=medl&NEWS=
N&AN=29121493

89.

Sugiyama S, Okuda M, Sasaki S, Kunitsugu I, Hobara T, S. SS, et al. Breakfast
habits among adolescents and their association with daily energy and fish,
vegetable, and fruit intake: A community-based cross-sectional study. Environ
Health Prev Med [Internet]. 2012;17(5):408–14. Available from:
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=emed13&NEWS
=N&AN=51870279

90.

S. O, K. O, H. O. Factors associated with irregular breakfast consumption among
high school students in a Japanese community. Asia Pac J Clin Nutr [Internet].
2016;25(1):165–73. Available from:
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=emed17&NEWS
=N&AN=610688017

91.

Timlin MT, Pereira MA, Story M, Neumark-Sztainer D. Breakfast eating and
weight change in a 5-year prospective analysis of adolescents: Project EAT
(Eating Among Teens). Pediatrics [Internet]. 2008;121(3):e638-45. Available
from:
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=med6&NEWS=
N&AN=18310183

92.

Stockman NKA, Schenkel TC, Brown JN, Duncan AM, N.K.A. S, T.C. S, et al.
Comparison of energy and nutrient intakes among meals and snacks of adolescent
males. Prev Med (Baltim) [Internet]. 2005;41(1):203–10. Available from:
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=emed9&NEWS
=N&AN=40755081

93.

A. D, C.D. R, Drewnowski A, Rehm CD, Vieux F. Breakfast in the United States:
Food and nutrient intakes in relation to diet quality in national health and
examination survey 2011-2014. a study from the international breakfast research

96

initiative. Nutrients [Internet]. 2018;10(9):1200. Available from:
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=medl&NEWS=
N&AN=30200424
94.

National Cancer Institute. Dietary Assessment Instrument Profiles | Dietary
Assessment Primer [Internet]. [cited 2019 Dec 17]. Available from:
https://dietassessmentprimer.cancer.gov/profiles/

95.

J.K. Z-F, T. P, D. M, Y. L, Tolfrey K. AO - Zakrzewski-Fruer JK. O http://orcid.
org/000.-0003-4167-4100, Zakrzewski-Fruer JK, et al. Effect of breakfast
omission and consumption on energy intake and physical activity in adolescent
girls: A randomised controlled trial. Br J Nutr [Internet]. 2017;118(5):392–400.
Available from:
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=emed18&NEWS
=N&AN=618435742

96.

Ptomey LT, Willis EA, Goetz JR, Lee J, Sullivan DK, Donnelly JE. Digital
photography improves estimates of dietary intake in adolescents with intellectual
and developmental disabilities. Disabil Health J. 2015 Jan 1;8(1):146–50.

97.

Casperson SL, Sieling J, Moon J, Johnson L, Roemmich JN, Whigham L. A
Mobile Phone Food Record App to Digitally Capture Dietary Intake for
Adolescents in a Free-Living Environment: Usability Study. JMIR mHealth
uHealth. 2015 Mar 13;3(1):e30.

98.

Rollo ME, Ash S, Lyons-Wall P, Russell AW. Evaluation of a mobile phone
image-based dietary assessment method in adults with type 2 diabetes. Nutrients.
2015 Jun 17;7(6):4897–910.

99.

Boushey CJ, Spoden M, Zhu FM, Delp EJ, Kerr DA. New mobile methods for
dietary assessment: Review of image-assisted and image-based dietary assessment
methods. In: Proceedings of the Nutrition Society. Cambridge University Press;
2017. p. 283–94.

100. J.D. C, L. P, Coulthard JD, Palla L, Pot GK. Breakfast consumption and nutrient
intakes in 4-18-year-olds: UK National Diet and Nutrition Survey Rolling
Programme (2008-2012). Br J Nutr [Internet]. 2017;118(4):280–90. Available
from: http://journals.cambridge.org/BJN
101. Coppinger T, Jeanes YM, Hardwick J, Reeves S. Body mass, frequency of eating
and breakfast consumption in 9-13-year-olds. J Hum Nutr Diet [Internet].
2012;25(1):43–9. Available from:
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=med8&NEWS=
N&AN=21649747
102. Cade JE, Warthon-Medina M, Albar S, Alwan NA, Ness A, Roe M, et al.
DIET@NET: Best Practice Guidelines for dietary assessment in health research.
BMC Med [Internet]. 2017 Dec 15 [cited 2019 Dec 18];15(1):202. Available from:

97

https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-017-0962-x
103. Overview of Food Fortification in the United States and Canada - Dietary
Reference Intakes - NCBI Bookshelf [Internet]. [cited 2019 Dec 18]. Available
from: https://www.ncbi.nlm.nih.gov/books/NBK208880/
104. Fortification - Labelling and Composition Requirements for Grain and Bakery
Products - Food - Canadian Food Inspection Agency [Internet]. [cited 2019 Dec
18]. Available from: https://www.inspection.gc.ca/food/requirements-andguidance/labelling/industry/grain-and-bakeryproducts/eng/1392135900214/1392135960867?chap=6#s17c6
105. Dairy Farmers of Canada. Milk Products [Internet]. [cited 2020 Jun 18]. p. 26.
Available from: https://dairyfarmersofcanada.ca/sites/default/files/201808/ab_powerup_milk_products.pdf
106. H.J. L, H.A. H, S.M. D, K.A. H. A high-protein breakfast prevents body fat gain,
through reductions in daily intake and hunger, in “breakfast skipping” adolescents.
Obesity [Internet]. 2015;23(9):1761–4. Available from:
http://onlinelibrary.wiley.com/journal/10.1002/(ISSN)1930-739X
107. Cartwright N. What are randomised controlled trials good for? Philos Stud. 2010
Jan 1;147(1):59–70.
108. Healthy Eating Index (HEI) | USDA-FNS [Internet]. [cited 2020 Apr 20].
Available from: https://www.fns.usda.gov/resource/healthy-eating-index-hei
109. Fulgoni VL, Keast DR, Drewnowski A. Development and Validation of the
Nutrient-Rich Foods Index: A Tool to Measure Nutritional Quality of Foods. J
Nutr [Internet]. 2009 Aug 1 [cited 2020 Jan 6];139(8):1549–54. Available from:
https://academic.oup.com/jn/article/139/8/1549/4670510
110. Drewnowski A. Defining nutrient density: Development and validation of the
nutrient rich foods index. J Am Coll Nutr. 2009 Aug 1;28(4):421S-426S.
111. Wadolowska L, Hamulka J, Kowalkowska J, Kostecka M, Wadolowska K,
Biezanowska-Kopec R, et al. Prudent-Active and Fast-Food-Sedentary DietaryLifestyle Patterns: The Association with Adiposity, Nutrition Knowledge and
Sociodemographic Factors in Polish Teenagers-The ABC of Healthy Eating
Project. Nutrients [Internet]. 2018;10(12). Available from:
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=medl&NEWS=
N&AN=30558296
112. Storey KE, Forbes LE, Fraser SN, Spence JC, Plotnikoff RC, Raine KD, et al. Diet
quality, nutrition and physical activity among adolescents: the Web-SPAN (WebSurvey of Physical Activity and Nutrition) project. Public Health Nutr [Internet].
2009 Feb [cited 2020 Apr 20];12(11):2009–17. Available from:
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=medc&NEWS=

98

N&AN=19545471
113. Health Canada. Percent daily value - Canada.ca [Internet]. 2019 [cited 2020 Jan
14]. Available from: https://www.canada.ca/en/healthcanada/services/understanding-food-labels/percent-daily-value.html
114. Vereecken C, Dupuy M, Rasmussen M, Kelly C, Nansel TR, Al Sabbah H, et al.
Breakfast consumption and its socio-demographic and lifestyle correlates in
schoolchildren in 41 countries participating in the HBSC study. Int J Public
Health. 2009;54(SUPPL. 2):180.
115. Hill AB. The Environment and Disease: Association or Causation? J R Soc Med.
1965;58(5):295–300.
116. Asghari G, Mirmiran P, Yuzbashian E, Azizi F. A systematic review of diet
quality indices in relation to obesity. Vol. 117, British Journal of Nutrition.
Cambridge University Press; 2017. p. 1055–65.
117. L. W, J. H, J. K, N. U, M. G, M. J-B, et al. Skipping Breakfast and a Meal at
School: Its Correlates in Adiposity Context. Report from the ABC of Healthy
Eating Study of Polish Teenagers. Nutrients [Internet]. 2019;11(7). Available
from:
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=prem&NEWS=
N&AN=31336699
118. Ötles S, Ozgoz S. Health effects of dietary fiber. Acta Sci Pol Technol Aliment.
2014;13(2):191–202.
119. Wax E, Zieve D, Conaway B. 10 ways to cut 500 calories a day [Internet]. [cited
2020 Jan 20]. Available from:
https://medlineplus.gov/ency/patientinstructions/000892.htm
120. Health Canada. Do Canadian Adolescents Meet their Nutrient Requirements
through Food Intake Alone? [Internet]. Health Canada; 2012 [cited 2020 Feb 5].
Available from: http://www.hc-sc.gc.ca/fnan/alt_formats/pdf/surveill/nutrition/commun/art-nutr-adol-eng.pdf
121. American Heart Association. Sugar 101 [Internet]. 2018 [cited 2020 Feb 5].
Available from: https://www.heart.org/en/healthy-living/healthy-eating/eatsmart/sugar/sugar-101
122. Do Canadian Adolescents Meet Their Nutrient Requirements Through Food Intake
Alone? - Canada.ca [Internet]. [cited 2020 Jun 23]. Available from:
https://www.canada.ca/en/health-canada/services/food-nutrition/food-nutritionsurveillance/health-nutrition-surveys/canadian-community-health-surveycchs/canadian-adolescents-meet-their-nutrient-requirements-through-food-intakealone-health-canada-2012.html

99

123. Developing the Healthy Eating Index [Internet]. [cited 2020 Feb 5]. Available
from: https://epi.grants.cancer.gov/hei/developing.html#2010
124. Woodruff SJ, Hanning RM, Lambraki I, Storey KE, McCargar L, S.J. W, et al.
Healthy Eating Index-C is compromised among adolescents with body weight
concerns, weight loss dieting, and meal skipping. Body Image [Internet].
2008;5(4):404–8. Available from:
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=emed10&NEWS
=N&AN=50213334
125. SJ W, RM H. Effect of meal environment on diet quality rating. Can J Diet Pract
Res [Internet]. 2009;70(3):118–24. Available from:
http://search.ebscohost.com/login.aspx?direct=true&db=cin20&AN=105428684&
site=ehost-live
126. Larson NI, Neumark-Sztainer D, Hannan PJ, Story M. Family meals during
adolescence are associated with higher diet quality and healthful meal patterns
during young adulthood. J Am Diet Assoc [Internet]. 2007;107(9):1502–10.
Available from:
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=med5&NEWS=
N&AN=17761227
127. Larson N, MacLehose R, Fulkerson JA, Berge JM, Story M, Neumark-Sztainer D.
Eating Breakfast and Dinner Together as a Family: Associations with
Sociodemographic Characteristics and Implications for Diet Quality and Weight
Status. J Acad Nutr Diet. 2013 Dec;113(12):1601–9.
128. Health Canada. Canada’s Food Guide [Internet]. 2019 [cited 2019 Oct 17].
Available from: https://food-guide.canada.ca/en/
129. Plotnikoff RC, Costigan SA, Williams RL, Hutchesson MJ, Kennedy SG, Robards
SL, et al. Effectiveness of interventions targeting physical activity, nutrition and
healthy weight for university and college students: A systematic review and metaanalysis [Internet]. Vol. 12, International Journal of Behavioral Nutrition and
Physical Activity. BioMed Central Ltd.; 2015 [cited 2020 Apr 20]. p. 1–10.
Available from: https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-0150203-7
130. Vereecken CA, Keukelier E, Maes L. Influence of mother’s educational level on
food parenting practices and food habits of young children. Appetite. 2004
Aug;43(1):93–103.
131. Anderson A, Bell A, Adamson A, Moynihan P. A questionnaire assessment of
nutrition knowledge – validity and reliability issues. Public Health Nutr.
2002;5(3):497–503.
132. Naska A, Lagiou A, Lagiou P. Dietary assessment methods in epidemiological
research: Current state of the art and future prospects. Vol. 6, F1000Research.

100

Faculty of 1000 Ltd; 2017.
133. ASA24® Dietary Assessment Tool | EGRP/DCCPS/NCI/NIH [Internet]. [cited
2020 Apr 20]. Available from: https://epi.grants.cancer.gov/asa24/
134. 24-hour Dietary Recall (24HR) At a Glance | Dietary Assessment Primer
[Internet]. [cited 2020 Apr 20]. Available from:
https://dietassessmentprimer.cancer.gov/profiles/recall/
135. Steinfeldt L, Anand J, Murayi T. Food Reporting Patterns in the USDA Automated
Multiple-Pass Method. Procedia Food Sci. 2013 Jan 1;2:145–56.
136. Zimmerman TP, Hull SG, McNutt S, Mittl B, Islam N, Guenther PM, et al.
Challenges in converting an interviewer-administered food probe database to selfadministration in the National Cancer Institute automated self-administered 24hour recall (ASA24). J Food Compos Anal. 2009 Dec;22(SUPPL.):S48.
137. Jessri M, Ng AP, L’Abbé MR. Adapting the healthy eating Index 2010 for the
canadian population: Evidence from the Canadian national nutrition survey.
Nutrients. 2017 Aug 21;9(8).
138. Satia JA. Diet-Related Disparities: Understanding the Problem and Accelerating
Solutions. J Am Diet Assoc. 2009 Apr;109(4):610–5.
139. Parker HW, Vadiveloo MK. Diet quality of vegetarian diets compared with
nonvegetarian diets: a systematic review. Nutr Rev [Internet]. 2019 [cited 2020
Apr 20];77(3):144–60. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/30624697
140. Statistics Canada. 2016 Census of Population – Data products [Internet]. 2016
[cited 2020 Apr 20]. Available from: https://www12.statcan.gc.ca/censusrecensement/2016/dp-pd/index-eng.cfm
141. American Psychological Association. Children, Youth, Families and
Socioeconomic Status [Internet]. 2016 [cited 2020 Apr 20]. Available from:
https://www.apa.org/pi/ses/resources/publications/children-families
142. Darmon N, Drewnowski A. Does social class predict diet quality? Vol. 87,
American Journal of Clinical Nutrition. American Society for Nutrition; 2008. p.
1107–17.
143. National Center for Children in Poverty. Basic Facts About Low-Income Children
[Internet]. 2015 [cited 2020 May 7]. Available from:
http://www.nccp.org/publications/pub_1100.html
144. Wu XY, Ohinmaa A, Veugelers PJ. Diet quality, physical activity, body weight
and health-related quality of life among grade 5 students in Canada. Vol. 15,
Public Health Nutrition. Cambridge University Press; 2012. p. 75–81.

101

145. Corder K, van Sluijs EMFF, Ridgway CL, Steele RM, Prynne CJ, Stephen AM, et
al. Breakfast consumption and physical activity in adolescents: daily associations
and hourly patterns. Am J Clin Nutr [Internet]. 2014 Feb 1 [cited 2020 Apr
20];99(2):361–8. Available from:
http://search.ebscohost.com/login.aspx?direct=true&db=cin20&AN=104007688&
site=ehost-live
146. Stranges S, Samaraweera PC, Taggart F, Kandala NB, Stewart-Brown S. Major
health-related behaviours and mental well-being in the general population: The
health survey for England. BMJ Open. 2014 Sep 1;4(9):e005878.
147. Sawa S, Hashizume K, Abe T, Kusaka Y, Fukazawa Y, Hiraku Y, et al. Pathway
linking physical activity, sleep duration, and breakfast consumption with the
physical/psychosocial health of schoolchildren. J Child Heal Care [Internet]. 2019
Nov 29 [cited 2020 Apr 20];1367493519891019. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/31782312
148. Spronk I, Kullen C, Burdon C, O’Connor H. Relationship between nutrition
knowledge and dietary intake. Vol. 111, British Journal of Nutrition. Cambridge
University Press; 2014. p. 1713–26.
149. Matsumoto M, Ishige N, Sakamoto A, Saito A, Ikemoto S. Nutrition knowledge
related to breakfast skipping among Japanese adults aged 18-64 years: A crosssectional study. Public Health Nutr. 2019 Apr 1;22(6):1029–36.
150. StataCorp. Stata Statistical Software. StataCorp LLC; 2017.
151. Daily intake - Former - Information within the Nutrition Facts Table - Food label
requirements - Canadian Food Inspection Agency [Internet]. [cited 2020 Apr 21].
Available from: https://www.inspection.gc.ca/food-label-requirements/labelling/-ffor-industry/-f-nutrition-labelling/-f-nutrition-factstable/eng/1502483894184/1502483895254?chap=6#s9c6
152. Dietary Reference Intakes Tables - Canada.ca [Internet]. [cited 2020 Jan 8].
Available from: https://www.canada.ca/en/health-canada/services/foodnutrition/healthy-eating/dietary-reference-intakes/tables.html
153. Ventura AK, Loken E, Mitchell DC, Smiciklas-Wright H, Birch LL.
Understanding reporting bias in the dietary recall data of 11-year-old girls.
Obesity. 2006 Jun;14(6):1073–84.
154. Goldberg GR, Black AE, Jebb SA, Cole TJ, Murgatroyd PR, Coward WA, et al.
Critical evaluation of energy intake data using fundamental principles of energy
physiology: 1. Derivation of cut-off limits to identify under-recording. Eur J Clin
Nutr. 1991;45(12):569–81.
155. Banna JC, McCrory MA, Fialkowski MK, Boushey C. Examining Plausibility of
Self-Reported Energy Intake Data: Considerations for Method Selection. Front

102

Nutr [Internet]. 2017 Sep 25 [cited 2020 Apr 21];4:45. Available from:
http://journal.frontiersin.org/article/10.3389/fnut.2017.00045/full
156. Mccrory MA, Hajduk CL, Roberts SB. Procedures for screening out inaccurate
reports of dietary energy intake. Public Health Nutr. 2002 Dec;5(6a):873–82.
157. Huang TTK, Roberts SB, Howarth NC, McCrory MA. Effect of screening out
implausible energy intake reports on relationships between diet and BMI. Obes
Res [Internet]. 2005 Jul [cited 2020 Apr 21];13(7):1205–17. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/16076990
158. Murakami K, Livingstone MBE. Eating Frequency Is Positively Associated with
Overweight and Central Obesity in US Adults. J Nutr. 2015 Dec 1;145(12):2715–
24.
159. Reviewing & Cleaning ASA24® Data | EGRP/DCCPS/NCI/NIH [Internet]. [cited
2020 Apr 21]. Available from:
https://epi.grants.cancer.gov/asa24/resources/cleaning.html#guidelines
160. Little RJA. A test of missing completely at random for multivariate data with
missing values. J Am Stat Assoc. 1988;83(404):1198–202.
161. Jakobsen JC, Gluud C, Wetterslev J, Winkel P. When and how should multiple
imputation be used for handling missing data in randomised clinical trials - A
practical guide with flowcharts. BMC Med Res Methodol [Internet]. 2017 Dec 6
[cited 2020 Apr 21];17(1):162. Available from:
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/s12874-0170442-1
162. Sterne JAC, White IR, Carlin JB, Spratt M, Royston P, Kenward MG, et al.
Multiple imputation for missing data in epidemiological and clinical research:
Potential and pitfalls. Vol. 339, BMJ (Online). British Medical Journal Publishing
Group; 2009. p. 157–60.
163. Mazor KM, Clauser BE, Field T, Yood RA, Gurwitz JH. A demonstration of the
impact of response bias on the results of patient satisfaction surveys. Health Serv
Res. 2002 Oct;37(5):1403–17.
164. Pessenda LCR, Lisi CS, Gouveia SEM. Multiple Imputation for Nonresponse in
Surveys [Internet]. Rubin DB, editor. Hoboken, NJ, USA: John Wiley & Sons,
Inc.; 1987 [cited 2020 Apr 21]. 3 p. (Wiley Series in Probability and Statistics).
Available from: http://doi.wiley.com/10.1002/9780470316696
165. Azur MJ, Stuart EA, Frangakis C, Leaf PJ. Multiple imputation by chained
equations: What is it and how does it work? Int J Methods Psychiatr Res. 2011
Mar;20(1):40–9.
166. Graham JW, Olchowski AE, Gilreath TD. How many imputations are really

103

needed? Some practical clarifications of multiple imputation theory. Prev Sci.
2007 Sep 5;8(3):206–13.
167. von Hippel PT. How Many Imputations Do You Need? A Two-stage Calculation
Using a Quadratic Rule. Sociol Methods Res [Internet]. 2018 Jan 18 [cited 2020
Apr 28];004912411774730. Available from:
http://journals.sagepub.com/doi/10.1177/0049124117747303
168. P.R.M. R, R.R. L, L.S. M, M.G. F, R.M.V. G-S, Rodrigues PRM, et al.
Adolescents’ unhealthy eating habits are associated with meal skipping. Nutrition
[Internet]. 2017;42:114. Available from:
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=med13&NEWS
=N&AN=28596058
169. Croezen S, Visscher TLS, ter Bogt NCW, Veling ML, Haveman-Nies A. Skipping
breakfast, alcohol consumption and physical inactivity as risk factors for
overweight and obesity in adolescents: Results of the E-MOVO project. Eur J Clin
Nutr [Internet]. 2009 [cited 2020 Jun 29];63(3):405–12. Available from:
https://pubmed.ncbi.nlm.nih.gov/18043703/
170. Scaglioni S, De Cosmi V, Ciappolino V, Parazzini F, Brambilla P, Agostoni C.
Factors influencing children’s eating behaviours [Internet]. Vol. 10, Nutrients.
MDPI AG; 2018 [cited 2020 Jul 2]. Available from:
/pmc/articles/PMC6024598/?report=abstract
171. McIntosh A, Kubena KS, Tolle G, Dean W, Kim MJ, Jan JS, et al. Determinants of
children’s use of and time spent in fast-food and full-service restaurants. J Nutr
Educ Behav [Internet]. 2011 May [cited 2020 Jul 2];43(3):142–9. Available from:
https://pubmed.ncbi.nlm.nih.gov/21550531/
172. L.E. A, K. G, W. G, K.L. W, P.B. C, Au LE, et al. Eating School Meals Daily Is
Associated with Healthier Dietary Intakes: The Healthy Communities Study. J
Acad Nutr Diet [Internet]. 2018;118(8):1474–81. Available from:
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=emexb&NEWS
=N&AN=629000832
173. F. F-M, A. M, K. T, Fayet-Moore F, McConnell A, Tuck K, et al. Breakfast and
breakfast cereal choice and its impact on nutrient and sugar intakes and
anthropometric measures among a nationally representative sample of Australian
children and adolescents. Nutrients [Internet]. 2017;9(10):1045. Available from:
http://www.mdpi.com/2072-6643/9/10/1045/pdf
174. M. A, G.P. N, V.K. G, C.L. P, K.S. R, Arora M, et al. Association of breakfast
intake with obesity, dietary and physical activity behavior among urban schoolaged adolescents in Delhi, India: results of a cross-sectional study. BMC Public
Health [Internet]. 2012;12:881. Available from:
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=emed13&NEWS
=N&AN=368518836

104

175. J.A. G, Grieger JA, Cobiac L. Comparison of dietary intakes according to
breakfast choice in Australian boys. Eur J Clin Nutr [Internet]. 2012;66(6):667–72.
Available from:
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=emed13&NEWS
=N&AN=364989045
176. Government of Alberta. Consumer Corner [Internet]. 2014 [cited 2020 Jul 3]. p. 4.
Available from: https://open.alberta.ca/dataset/b5d936eb-2127-424e-b1b8818c486d12aa/resource/199518b9-7364-4ee5-b65448a47a806f27/download/jeewanibreakfasttrendsaugust2014.pdf
177. Pedersen TP, Meilstrup C, Holstein BE, Rasmussen M. Fruit and vegetable intake
is associated with frequency of breakfast, lunch and evening meal: cross-sectional
study of 11-, 13-, and 15-year-olds. Int J Behav Nutr Phys Act [Internet]. 2012;9:9.
Available from:
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=med8&NEWS=
N&AN=22309975
178. G. L, A. P, E. A, R. S, V. M, D.R. DW. Association between fruits and vegetables
intake and frequency of breakfast and snacks consumption: A cross-sectional
study. Nutr J [Internet]. 2013;12(1):123. Available from:
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=emed14&NEWS
=N&AN=52756775
179. National Cancer Institute. Social Desirability [Internet]. [cited 2020 Jul 6].
Available from: https://dietassessmentprimer.cancer.gov/learn/social.html
180. Walker JL, Ardouin S, Burrows T. The validity of dietary assessment methods to
accurately measure energy intake in children and adolescents who are overweight
or obese: A systematic review [Internet]. Vol. 72, European Journal of Clinical
Nutrition. Nature Publishing Group; 2018 [cited 2020 Jul 6]. p. 185–97. Available
from: https://doi.org/10.1038/s41430-017-0029-2
181. Taylor RM, Haslam RL, Burrows TL, Duncanson KR, Ashton LM, Rollo ME, et
al. Issues in Measuring and Interpreting Diet and Its Contribution to Obesity. Curr
Obes Rep [Internet]. 2019 Jun 15 [cited 2020 Jul 6];8(2):53–65. Available from:
https://doi.org/10.1007/s13679-019-00336-2
182. Potter GDM, Cade JE, Grant PJ, Hardie LJ. Nutrition and the circadian system. Br
J Nutr [Internet]. 2016 Aug 14 [cited 2020 Jul 23];116(3):434–42. Available from:
/pmc/articles/PMC4930144/?report=abstract
183. Mars M, De Graaf C, De Groot CPGM, Van Rossum CTM, Kok FJ. Fasting leptin
and appetite responses induced by a 4-day 65%-energy-restricted diet. Int J Obes
[Internet]. 2006 Jan 13 [cited 2020 Jul 23];30(1):122–8. Available from:
www.nature.com/ijo
184. Asao K, Marekan AS, VanCleave J, Rothber AE. Leptin level and skipping

105

breakfast: The national health and nutrition examination survey III (NHANES III).
Nutrients [Internet]. 2016 Feb 25 [cited 2020 Jul 8];8(3). Available from:
/pmc/articles/PMC4808845/?report=abstract
185. Goldstone AP, Prechtl CG, Scholtz S, Miras AD, Chhina N, Durighel G, et al.
Ghrelin mimics fasting to enhance human hedonic, orbitofrontal cortex, and
hippocampal responses to food. Am J Clin Nutr [Internet]. 2014 Jun 1 [cited 2020
Jul 23];99(6):1319–30. Available from:
/pmc/articles/PMC6410902/?report=abstract
186. Saklayen MG. The Global Epidemic of the Metabolic Syndrome [Internet]. Vol.
20, Current Hypertension Reports. Current Medicine Group LLC 1; 2018 [cited
2020 Jul 23]. Available from: /pmc/articles/PMC5866840/?report=abstract
187. P.R. D-T, T.A. N, C.E. O, D.R. K, J.D. R, Deshmukh-Taskar PR, et al. The
relationship of breakfast skipping and type of breakfast consumption with nutrient
intake and weight status in children and adolescents: the National Health and
Nutrition Examination Survey 1999-2006. J Am Diet Assoc [Internet].
2010;110(6):869–78. Available from:
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=emed11&NEWS
=N&AN=358930603
188. Williams P. Breakfast and the diets of Australian children and adolescents: an
analysis of data from the 1995 National Nutrition Survey. Int J Food Sci Nutr
[Internet]. 2007;58(3):201–16. Available from:
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=med5&NEWS=
N&AN=17514538
189. Vitamin C - Health Professional Fact Sheet [Internet]. [cited 2020 Jul 9]. Available
from: https://ods.od.nih.gov/factsheets/VitaminC-HealthProfessional/
190. Statistics Canada. Table 3 Vitamin C intake by supplement consumption and
selected characteristics, household population aged 1 or older, Canada excluding
territories, 2004 [Internet]. 2004 [cited 2020 Jul 9]. Available from:
https://www150.statcan.gc.ca/n1/pub/82-003-x/2010001/article/11128/tbls/tbl3eng.htm
191. F. F-M, J. K, N. S, Fayet-Moore F, Kim J, Sritharan N, et al. Impact of breakfast
skipping and breakfast choice on the nutrient intake and body mass index of
Australian children. Nutrients [Internet]. 2016;8(8):487. Available from:
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=med12&NEWS
=N&AN=27517957
192. Nutrient Recommendations : Dietary Reference Intakes (DRI) [Internet]. [cited
2020 Jul 10]. Available from:
https://ods.od.nih.gov/Health_Information/Dietary_Reference_Intakes.aspx
193. Sodium in Canada - Canada.ca [Internet]. [cited 2020 Jul 10]. Available from:

106

https://www.canada.ca/en/health-canada/services/food-nutrition/healthyeating/sodium.html#a4
194. Choose foods with healthy fats – Canada’s Food Guide [Internet]. [cited 2020 Jul
10]. Available from: https://food-guide.canada.ca/en/healthy-eatingrecommendations/make-it-a-habit-to-eat-vegetables-fruit-whole-grains-andprotein-foods/choosing-foods-with-healthy-fats/
195. O’Neil CE, Byrd-Bredbenner C, Hayes D, Jana L, Klinger SE, Stephenson-Martin
S. The role of breakfast in health: Definition and criteria for a quality breakfast. J
Acad Nutr Diet [Internet]. 2014 Dec 1 [cited 2020 Jul 13];114(12):S8–26.
Available from: https://pubmed.ncbi.nlm.nih.gov/25458994/
196. St-Onge MP, Ard J, Baskin ML, Chiuve SE, Johnson HM, Kris-Etherton P, et al.
Meal Timing and Frequency: Implications for Cardiovascular Disease Prevention:
A Scientific Statement from the American Heart Association. Circulation
[Internet]. 2017 Feb 28 [cited 2020 Jul 23];135(9):e96–121. Available from:
http://ahajournals.org
197. Foods to which vitamins, mineral nutrients and amino acids may or must be added
[D.03.002, FDR] - Nutrient content claims: reference information - Food label
requirements - Canadian Food Inspection Agency [Internet]. [cited 2020 Jul 13].
Available from: https://www.inspection.gc.ca/food-labelrequirements/labelling/industry/nutrient-content/referenceinformation/eng/1389908857542/1389908896254?chap=1
198. British Heart Foundation. Breakfast cereals ranked best to worst [Internet]. [cited
2020 Jul 13]. Available from: https://www.bhf.org.uk/informationsupport/heartmatters-magazine/nutrition/breakfast-cereals-ranked-best-to-worst
199. Unlock Food. How to Choose the Best Cold Breakfast Cereals [Internet]. 2018
[cited 2020 Jul 13]. Available from:
https://www.unlockfood.ca/en/Articles/Grocery-Shopping/How-to-Choose-theBest-Cold-Breakfast-Cereals.aspx
200. Diabetes, Sugar and Sweet Foods - Unlock Food [Internet]. [cited 2020 Jul 23].
Available from: https://www.unlockfood.ca/en/Articles/Diabetes/CarbohydratesFibre-Sugar/Diabetes,-Sugar-and-Sweet-Foods.aspx
201. Gaal S, Kerr MA, Ward M, McNulty H, Livingstone MBE, S. G, et al. Breakfast
Consumption in the UK: Patterns, Nutrient Intake and Diet Quality. A Study from
the International Breakfast Research Initiative Group. Nutrients [Internet]. 2018
Jul 30 [cited 2020 Jul 13];10(8):999. Available from: http://www.mdpi.com/20726643/10/8/999/pdf
202. Sugars - Canada.ca [Internet]. [cited 2020 Jul 13]. Available from:
https://www.canada.ca/en/health-canada/services/nutrients/sugars.html

107

203. Ruiz E, Avila JM, Valero T, Rodriguez P, Varela-Moreiras G, E. R, et al.
Breakfast consumption in Spain: Patterns, nutrient intake and quality. findings
from the ANIBES study, a study from the international breakfast research
initiative. Nutrients [Internet]. 2018 Sep 18 [cited 2020 Jul 14];10(9):1324.
Available from: /pmc/articles/PMC6165504/?report=abstract
204. Riboflavin - Health Professional Fact Sheet [Internet]. [cited 2020 Jul 14].
Available from: https://ods.od.nih.gov/factsheets/Riboflavin-HealthProfessional/
205. Vitamin A - Health Professional Fact Sheet [Internet]. [cited 2020 Jul 14].
Available from: https://ods.od.nih.gov/factsheets/VitaminA-HealthProfessional/
206. Vitamin K - Health Professional Fact Sheet [Internet]. [cited 2020 Jul 14].
Available from: https://ods.od.nih.gov/factsheets/vitaminK-HealthProfessional/
207. Institute of Medicine (US) Committee on Nutrition T and the B, Erdman J, Oria
M, Pillsbury L. Eicosapentaenoic Acid (EPA) and Docosahexaenoic Acid (DHA).
2011 [cited 2020 Jul 14]; Available from:
https://www.ncbi.nlm.nih.gov/books/NBK209320/
208. Melina V, Craig W, Levin S. Position of the Academy of Nutrition and Dietetics:
Vegetarian Diets. J Acad Nutr Diet [Internet]. 2016 Dec 1 [cited 2020 Jul
16];116(12):1970–80. Available from: https://pubmed-ncbi-nlm-nihgov.proxy1.lib.uwo.ca/27886704/
209. Egede LE. Race, ethnicity, culture, and disparities in health care [Internet]. Vol.
21, Journal of General Internal Medicine. Springer; 2006 [cited 2020 Jul 16]. p.
667–9. Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1924616/
210. Lipsky LM, Nansel TR, Haynie DL, Liu D, Li K, Pratt CA, et al. Diet quality of
US adolescents during the transition to adulthood: Changes and predictors. Am J
Clin Nutr [Internet]. 2017 Jun 1 [cited 2020 Jul 17];105(6):1424–32. Available
from: http://ajcn.nutrition.org/content/105/6/1424.full.pdf+html
211. Bawaked RA, Gomez SF, Homs C, Casas Esteve R, Cardenas G, Fíto M, et al.
Association of eating behaviors, lifestyle, and maternal education with adherence
to the Mediterranean diet in Spanish children. Appetite [Internet]. 2018 Nov 1
[cited 2020 Jul 17];130:279–85. Available from: https://pubmed-ncbi-nlm-nihgov.proxy1.lib.uwo.ca/30130543/
212. Ranjit N, Wilkinson A V., Lytle LM, Evans AE, Saxton D, Hoelscher DM.
Socioeconomic inequalities in children’s diet: The role of the home food
environment. Int J Behav Nutr Phys Act [Internet]. 2015 Jul 27 [cited 2020 Jul
17];12(1):S4. Available from:
https://ijbnpa.biomedcentral.com/articles/10.1186/1479-5868-12-S1-S4
213. Van Strien T, Oosterveld P. The children’s DEBQ for assessment of restrained,
emotional, and external eating in 7- to 12-year-old children. Int J Eat Disord

108

[Internet]. 2008 Jan 1 [cited 2020 Jul 17];41(1):72–81. Available from:
https://onlinelibrary.wiley.com/doi/full/10.1002/eat.20424
214. Ball K, Lamb KE, Costa C, Cutumisu N, Ellaway A, Kamphuis CBM, et al.
Neighbourhood socioeconomic disadvantage and fruit and vegetable consumption:
A seven countries comparison. Int J Behav Nutr Phys Act [Internet]. 2015 May 22
[cited 2020 Jul 20];12(1). Available from:
/pmc/articles/PMC4456793/?report=abstract
215. Thornton LE, Bentley RJ, Kavanagh AM. Individual and area-level socioeconomic
associations with fast food purchasing. J Epidemiol Community Health [Internet].
2011 Oct 1 [cited 2020 Jul 20];65(10):873–80. Available from:
https://jech.bmj.com/content/65/10/873
216. Janssen I, Boyce WF, Simpson K, Pickett W. Influence of individual- and arealevel measures of socioeconomic status on obesity, unhealthy eating, and physical
inactivity in Canadian adolescents. Am J Clin Nutr [Internet]. 2006 [cited 2020 Jul
20];83(1):139–45. Available from: https://pubmed.ncbi.nlm.nih.gov/16400062/
217. Bukambu E, Lieffers JRL, Ekwaru JP, Veugelers PJ, Ohinmaa A. The association
between the cost and quality of diets of children in Canada. Can J Public Heal
[Internet]. 2020 Apr 1 [cited 2020 Jul 20];111(2):269–77. Available from:
https://pubmed-ncbi-nlm-nih-gov.proxy1.lib.uwo.ca/31834615/
218. Hilmers A, Hilmers DC, Dave J. Neighborhood disparities in access to healthy
foods and their effects on environmental justice. Am J Public Health [Internet].
2012 Sep [cited 2020 Jul 20];102(9):1644–54. Available from:
/pmc/articles/PMC3482049/?report=abstract
219. Krukowski RA, West DS, Harvey-Berino J, Elaine Prewitt T. Neighborhood
impact on healthy food availability and pricing in food stores. J Community Health
[Internet]. 2010 Jun [cited 2020 Jul 20];35(3):315–20. Available from:
/pmc/articles/PMC3071013/?report=abstract
220. Krebs-Smith SM, Pannucci TRE, Subar AF, Kirkpatrick SI, Lerman JL, Tooze JA,
et al. Update of the Healthy Eating Index: HEI-2015. J Acad Nutr Diet [Internet].
2018 Sep 1 [cited 2020 Jul 20];118(9):1591–602. Available from:
/pmc/articles/PMC6719291/?report=abstract
221. Godin KM, Kirkpatrick SI, Hanning RM, Stapleton J, Leatherdale ST. Examining
Guidelines for School-Based Breakfast Programs in Canada: A Systematic Review
of the Grey Literature. Can J Diet Pract Res [Internet]. 2017 Jun 1 [cited 2020 Jul
20];78(2):92–100. Available from: https://dcjournal.ca/doi/10.3148/cjdpr-2016037
222. Bartfeld JS, Berger L, Men F, Chen Y. Access to the School Breakfast Program Is
Associated with Higher Attendance and Test Scores among Elementary School
Students. J Nutr [Internet]. 2019 [cited 2020 Jul 21];149(2):336–43. Available

109

from: https://pubmed-ncbi-nlm-nih-gov.proxy1.lib.uwo.ca/30715390/
223. K.L. H, Hanson KL, Olson CM. School meals participation and weekday dietary
quality were associated after controlling for weekend eating among U.S. school
children aged 6 to 17 years. J Nutr [Internet]. 2013 May 1 [cited 2020 Jul
21];143(5):714–21. Available from: https://pubmed.ncbi.nlm.nih.gov/23486981/
224. Hoyland A, Dye L, Lawton CL. A systematic review of the effect of breakfast on
the cognitive performance of children and adolescents [Internet]. Vol. 22,
Nutrition Research Reviews. Nutr Res Rev; 2009 [cited 2020 Jul 21]. p. 220–43.
Available from: https://pubmed.ncbi.nlm.nih.gov/19930787/
225. K.M. G, K.A. P, Leatherdale S.T. AO - Godin KM. O http://orcid. org/000.-00029704-6608, Godin KM, Patte KA, Leatherdale ST. Examining Predictors of
Breakfast Skipping and Breakfast Program Use Among Secondary School
Students in the COMPASS Study. J Sch Health [Internet]. 2018 Feb 1 [cited 2020
Jul 23];88(2):150–8. Available from: https://pubmed-ncbi-nlm-nihgov.proxy1.lib.uwo.ca/29333646/
226. Hearst MO, Shanafelt A, Wang Q, Leduc R, Nanney MS. Barriers, Benefits, and
Behaviors Related to Breakfast Consumption Among Rural Adolescents. J Sch
Health [Internet]. 2016 Mar 1 [cited 2020 Jul 23];86(3):187–94. Available from:
/pmc/articles/PMC4825869/?report=abstract
227. Ma Y, Olendzki BC, Pagoto SL, Hurley TG, Magner RP, Ockene IS, et al.
Number of 24-Hour Diet Recalls Needed to Estimate Energy Intake. Ann
Epidemiol [Internet]. 2009 Aug [cited 2020 Jul 21];19(8):553–9. Available from:
/pmc/articles/PMC2803049/?report=abstract
228. Bocquier A, Vieux F, Lioret S, Dubuisson C, Caillavet F, Darmon N. Socioeconomic characteristics, living conditions and diet quality are associated with
food insecurity in France [Internet]. Vol. 18, Public Health Nutrition. Cambridge
University Press; 2015 [cited 2020 Oct 7]. p. 2952–61. Available from:
/core/journals/public-health-nutrition/article/socioeconomic-characteristics-livingconditions-and-diet-quality-are-associated-with-food-insecurity-infrance/BEE8541D768B5D902CC3FE53034059BE
229. Widome R, Neumark-Sztainer D, Hannan PJ, Haines J, Story M. Eating when
there is not enough to eat: Eating behaviors and perceptions of food among foodinsecure youths. Am J Public Health [Internet]. 2009 May 1 [cited 2020 Oct
7];99(5):822–8. Available from: /pmc/articles/PMC2667833/?report=abstract
230. Lynn Engelsjord BEd by. Breakfast Habits of Adolescents: Towards Meaningful
Lessons [Internet]. University of British Columbia; 2002 [cited 2020 Aug 6].
Available from:
https://open.library.ubc.ca/cIRcle/collections/ubctheses/831/items/1.0054929

110

Appendices

1

Appendix A: Literature Review Results

Study Title

Breakfast
consumption is
positively associated
with nutrient adequacy
in Canadian children
and adolescents

Breakfast
consumption with and
without vitaminmineral supplement
use favorably impacts
daily nutrient intake of
ninth-grade students
Diet quality on days
without breakfast or
lunch - Identifying
targets to improve
adolescents' diet.

Authors

Barr et al.

Nicklas et al.

Medin et al.

Year of
Data
Collection

2004

pub.2000

2015

Type of
Study

Cross
Sectional

Cross
Sectional

Cross
Sectional

N

12 281

711

689

Diet
Recall
Measure

Breakfast
Consumption
Definition

Country
of Study

Age
Range

Diet Quality
Definition

Controlled
for
Calories?

Significant Findings

Skippers vs. Other Breakfast:
↓ Energy, carbohydrate, fibre,
vitamins A, B1, B2, B6, C, D
folate, Ca, Fe, Mg, P, K.
↑ Fat, SFA, MUFA.

24 Hour
Recall

Whether
respondents put
any foods in the
"breakfast"
category or not.

24 Hour
Recall

An eating
occasion which
the participant
considered to be
his or her
breakfast

United
States

13-15
years old

Nutrient Intake
Comparison

No

Skippers vs. Consumers (Without
Supplements):
↓ Energy, protein, vegetable
protein, SFA, cholesterol,
carbohydrate, sucrose, fibre, starch

FFQ

An eating
occasion which
the participant
considered to be
his or her
breakfast

Norway

12-14
years old

Food Groups
& Nutrient
Intake
Comparison

Partially

Skippers vs. Consumers:
↓ Energy, fibre, fruits & berries
consumed, juices & smoothies
consumed.

Canada

4-18
years old

Nutrient Intake
Comparison

Yes

Skippers vs RTEC:
↓ Energy, carbohydrate, fibre,
vitamins A, B1, B3, B6, C, D,
folate, Ca, Fe, Mg, P, K.
↑ Fat, sugars, SFA, MUFA, PUFA,
cholesterol

2

Determinants of diet
quality among
Canadian adolescents.
Skipping Breakfast
and a Meal at School:
Its Correlates in
Adiposity Context.
Report from the ABC
of Healthy Eating
Study of Polish
Teenagers

Ready-to-eat cereal
consumption and the
School Breakfast
Program: relationship
to nutrient intake and
weight.

Diet quality, nutrition
and physical activity
among adolescents:
the Web-SPAN (WebSurvey of Physical
Activity and
Nutrition) project
Breakfast
Consumption
Frequency and Its
Relationships to
Overall Diet Quality,
Using Healthy Eating
Index 2010, and Body
Mass Index among
Adolescents in a LowIncome Urban Setting

Storey et al.

Wadolowska
et al.

Affenito et
al.

Storey et al.

Hopkins et
al.

2002-2003

2010

2004-2005

pub.2009

pub. 2017

Cross
Sectional

Cross
Sectional

Cross
Sectional

Cross
Sectional

Cross
Sectional

2930

1566

2298

4936

239

24 Hour
Recall

Frequency of
breakfast
consumption, as
stated by the
participant.

FFQ

Frequent
skippers: ≥ 4
times per week.
Never skipping:
0 times per
week.

24 Hour
Recall

Skippers: Did
not consume a
food between
5:00AM - 10:30
AM

Canada

Poland

14-17
years old

Diet Quality
Index
(CFGHEmodified)

11-13
years old

pro-Healthy
Diet Index
(pHDI) & nonHealthy Diet
Index (nHDI)

No

Average frequency of breakfast
consumption was higher among
those with superior diet quality,
when compared to those with poor
diet quality.

No

Frequent Skippers vs. Never
Skippers:
No significant differences between
frequent skippers and never
skippers in either pHDI or nHDI.

Yes

Skippers vs. Consumed
Noncereal Breakfast:
↓ Energy, protein, vitamin A,
vitamin C, Ca, Fe, sodium,
cholesterol, total sugars, whole
grains, fibre.
Skippers vs. Cereal Breakfast:
↓ Energy, protein, vitamin A,
vitamin C, Ca, Fe, whole grains,
fibre
↑ Total fat (% of daily kcal)

United
States

5-18
years old

Food Groups
& Nutrient
Intake
Comparison

24 Hour
Recall

(ordinal scale) 1
- never, 2 - on
weekends only,
3 - less than half
of the week, 4 more than half of
the week, 5 every day.

Canada

12-16
years old

food-based
diet quality
index (CFGHE
servings)

Yes

Poor Diet Quality vs. Superior
Diet Quality:
Breakfast consumption frequency
was significantly lower (4.20 vs.
4.69)

FFQ

Past 7 days
consumption: 0
times, 1 time, 2
times, 3-4 times,
5-6 times,
everyday

United
States

10-14
years old

HEI-2010

Yes

For a 1-unit increase in breakfast
frequency response, a 0.7 increase
in HEI score would be expected.

3

Eating School Meals
Daily Is Associated
with Healthier Dietary
Intakes: The Healthy
Communities Study

Prevalence of
consumption and
nutritional content of
breakfast meal among
adolescents from the
Brazilian National
Dietary Survey.

Breakfast in Japan:
Findings from the
2012 National Health
and Nutrition Survey.

Breakfast in Canada:
Prevalence of
Consumption,
Contribution to
Nutrient and Food
Group Intakes, and
Variability across
Tertiles of Daily Diet
Quality. A Study from
the International
Breakfast Research
Initiative

Au et al.

Pereira et al.

Murakami et
al.

Barr et al.

2013-2015

2008 2009

2012

2015

Cross
Sectional

Cross
Sectional

Cross
Sectional

Cross
Sectional

5106

7276

1134

2026

FFQ

Every Day (5
days) vs. Not
Every Day (0-4
days)

24 Hour
Recall

Breakfast
Consumers: ate
between 6:00
AM - 9:59 AM
on both days.
Breakfast
Skippers: Did
not eat during
this time either
day.

24 Hour
Recall

An eating
occasion which
the participant
considered to be
his or her
breakfast

24 Hour
Recall

An eating
occasion which
the participant
considered to be
his or her
breakfast

United
States

4-15
years old

Food Groups
& Nutrient
Intake
Comparison

Brazil

10-19
years old

Nutrient Intake
Comparison

12-17
years old

Nutrient-Rich
Food Index 9.3
(NRF 9.3) &
Nutrient Intake
Comparison

13-17
years old

Nutrient-Rich
Food Index 9.3
(NRF 9.3) &
Nutrient Intake
Comparison

Japan

Canada

No

Not Every Day vs. Every Day:
↓ Fruits and vegetables, dietary
fibre, whole grains, dairy, and
calcium.

Yes

Skippers vs. Consumers:
↑ Energy, sugar, added sugar, Ca.
↓ Vitamin D, vitamin C, vitamin
B12.

Yes

Skippers vs Consumers:
↓ NRF 9.3 score, energy, protein,
fibre, vitamin K, vitamin B6, folate,
pantothenic acid, K, Ca, Mg, P, Fe,
Zn.

Yes

Skippers vs. Consumers:
↓ NRF 9.3 score, energy, fibre,
cholesterol, vitamin A, vitamin B1
vitamin B2, vitamin B6, vitamin
B12, vitamin D, Ca, Fe, Mg, K, Zn.
↑ Vitamin C

4

Breakfast in the
United States: Food
and Nutrient Intakes in
Relation to Diet
Quality in National
Health and
Examination Survey
2011–2014. A Study
from the International
Breakfast Research
Initiative

Drewnowski
et al.

Fruit and vegetable
intake among Emirati
adolescents: a mixed
methods study

Makansi et
al.

Effect of breakfast
omission and
consumption on
energy intake and
physical activity in
adolescent girls: a
randomised controlled
trial

Skipping breakfast
among Australian
children and
adolescents; findings
from the 2011–12
National Nutrition and
Physical Activity
Survey

ZakrzewskiFruer et al.

Smith et al.

2011-2014

Cross
Sectional

2018

Cross
Sectional

pub. 2017

2011-2012

Randomized
Controlled
Trial

Cross
Sectional

1546

620

49 girls

1592

24 Hour
Recall

Breakfast
Consumers: ate
breakfast ≥ 50
kcal. Breakfast
Skippers: ≤49
kcal intake

United
States

13-17
years old

Nutrient-Rich
Food Index 9.3
(NRF 9.3)

Yes

Skippers vs. Consumers:
↓ NRF 9.3 score

FFQ

Past 7 days
consumption:
Never, 1-2 times,
3-4 times, 5-6
times, Daily

United
Arab
Emirates

15-18
years old

Fruit and
vegetable
intake

No

No significant association between
fruit and vegetable intake and
frequency of breakfast consumption

Food
Diary +
Digital
camera

No Breakfast
(NB): no energycontaining
food/beverages
until after 10:30
AM.
Standardized
Breakfast (SB):
was 56g of
Wheetabix, 188
ml milk and 375
ml of orange
juice (500 kcal).

11-15
years old

Nutrient Intake
Comparison
(macronutrient
s only), fruit
and vegetable,
high-fat and
sugary snack
consumption

n/a

NB vs. SB:
↓ Energy, CHO, fibre, protein.

24 Hour
Recall

Past 2 days
consumption: 0
days skipped, 1
day skipped, 2
days skipped.

2-17
years old

Food groups,
Nutrient Intake
Comparison
(added sugars),
discretionary
foods

Partially

2 Days Skipped vs. 0 Days
Skipped:
↓ energy, dairy servings
↑ meat servings

England

Australia
& New
Zealand

5

Adolescents’
unhealthy eating
habits are associated
with meal skipping

Breakfast
consumption and
nutrient intakes in 4–
18-year-olds: UK
National Diet and
Nutrition Survey
Rolling Programme
(2008–2012)

Breakfast and
Breakfast Cereal
Choice and Its Impact
on Nutrient and Sugar
Intakes and
Anthropometric
Measures among a
Nationally
Representative Sample
of Australian Children
and Adolescents

Rodrigues et
al.

Coulthard et
al.

Moore et al.

2008

2008-2012

2011-2012

Cross
Sectional

Cross
Sectional

Cross
Sectional

1139

1686

2812

FFQ

Normal 7-day
consumption:
every day, 3-6
per week, 1-2
timer per week,
never.

Food
Diary

Breakfast day:
≥ 100 kcal
between 6-9am.
Non-breakfast
day: <100 kcal
between 6-9am

24 Hour
Recall

Breakfast
skipper: no
reported
foods/beverages
for breakfast.
Breakfast
consumer:
Reported foods
as part of
breakfast.
Further
classified as
either "breakfast
cereal
consumer", or
non-cereal
breakfast
consumer

Brazil

United
Kingdom

Australia

14-19
years old

11-18
years old

2-18
years old

Brazilian
Healthy Eating
Index (BHEIR)

Nutrient Intake
Comparison

Nutrient Intake
Comparison

No

Irregular breakfast consumption
resulted in -1.1 BHEI-R score.

Yes

No Breakfast Diary Days vs.
Breakfast Every Diary Day:
↓ Energy, fibre, folate, Ca, Fe, I.
↑ Fat (% of energy)
Within-Person Differences, No
Breakfast Days vs. Breakfast Days:
↓ Energy, CHO (% energy), Ca,
↑ Protein (% of energy), sodium

Yes

Breakfast Skippers vs. NonCereal Breakfast Consumers:
↓ Vitamin B1, folate, Mg.
↑ Total fat.
Breakfast Skippers vs. Breakfast
Cereal Consumers:
↓ Energy, CHO, total sugars, fibre,
Fe, vitamin B1, vitamin B2, folate,
Mg.
↑ Total fat, saturated fat

6

Regular breakfast
consumption is
associated with higher
blood vitamin status in
adolescents: the
HELENA (Healthy
Lifestyle in Europe by
Nutrition in
Adolescence) Study

Impact of Breakfast
Skipping and
Breakfast Choice on
the Nutrient Intake
and Body Mass Index
of Australian Children

Ayuso et al.

Fayet-Moore
et al.

published
2016

2007

Cross
Sectional

Cross
Sectional

1058

4487

24 Hour
Recall

"I often skip
breakfast" - 7
possible answers
ranging from
"strongly
disagree"(1) to
"strongly agree"
(7). Consumers:
answered 1 or 2.
Occasional
Consumers:
answered 3-5.
Skippers:
Answered 6 or 7.

10
European
Countries

24 Hour
Recall

Skippers: no
energy
containing
food/drink
between 5-9:30
AM on both
recall days.
Consumers:
Consumed an
energy
containing
food/beverage
during this time
on at least one of
the recall days.
Further
classified as
cereal and noncereal
consumers.

Australia

12-17
years
old

Nutrient Intake
Comparison
(energy and
vitamins only)

No

Skippers vs. Consumers:
↓ Vitamin D, vitamin B6 (females),
folate, vitamin E (females)

2-16
years old

Nutrient Intake
Comparison

Yes

Skippers vs. Consumers:
↓ Ca, folate, Mg, Zn.
↑ Total fat

7

Association of
breakfast intake with
obesity, dietary and
physical activity
behavior among urban
school-aged
adolescents in Delhi,
India: results of a
cross-sectional study

Fruit and vegetable
intake is associated
with frequency of
breakfast, lunch and
evening meal: crosssectional study of 11-,
13-, and 15-year-olds

Breakfast habits
among adolescents
and their association
with daily energy and
fish, vegetable, and
fruit intake: a
community-based
cross-sectional study

Body mass, frequency
of eating and breakfast
consumption in 9–13year-olds

Arora et al.

Pedersen et
al.

Sugiyama et
al.

Coppinger et
al.

2006

2002

2007-2009

2007

Cross
Sectional

Cross
Sectional

Cross
Sectional

Cross
Sectional

1814

3913

3635

264

FFQ

Past 7 days
frequency:
Never (0 times),
Sometimes (1-6
times), Daily (7
times)

India

13-16
years old

Intake of:
Dairy (yes/no),
Fruit (≥ 1
times per day),
Vegetables (≥
2 times per
day), fried
foods (≥ 1
times per day),
soft drinks (≥ 2
times per day)

FFQ

Irregular
Consumer:
Consume
breakfast 0-3
times during a
school week.
Regular
Consumer:
Consume
breakfast 4-5
times during a
school week

Denmark

11, 13, &
15-years
old.

Fruit and
Vegetable
intake

FFQ

Skippers:
Consume
breakfast <7
times per week.
Consumers:
Consume
breakfast
everyday

Japan

13-14years old

Food Groups

Yes

Skippers vs. Consumers:
↓ Dried fatty fish, total fish, total
seafood, green-yellow veggies,
other veggies, total veggies, and
fruit.

Food
Diary

Skippers: Did
not consume
breakfast
everyday for the
3 days.
Consumers:
Consumed
breakfast every
day for 3 days.

United
Kingdom

9-13
years old

Nutrient Intake
Comparison

No

Skippers vs. Consumers:
↓ Energy, vitamin E, Fe, Ca.

No

Never vs. Daily:
↓ Dairy, Fruits, Vegetables.
↑ Soft Drinks

No

Irregular vs. Regular:
↓ Fruits & Vegetables (Females)

8

Dietary intake of
Brazilian adolescents

Comparison of dietary
intakes according to
breakfast choice in
Australian boys

Azeredo et
al.

Grieger et al.

2012

2007

Cross
Sectional

Cross
Sectional

109,
104

781
boys

FFQ

Past 7 days
breakfast
consumption
frequency: 0
days (Skippers),
1-2 days, 3-4
days, 5 days or
more.

24 Hour
Recall

Skippers: Did
not consume an
energy
containing food
or beverage
between 5AM 9:30AM.
Consumers:
Consumed an
energy
containing food
or beverage
within this time.
Further
classified as
RTEC and nonRTEC
consumers.

Brazil

Australia

11-15+
years old

12-16
years old

Nutritional
scale score
(Index Score)

Nutrient Intake
Comparison

No

Skippers had a nutritional score that
was 2.84 (95% CI: 2.55 - 3.13)
points lower than those who
consumed breakfast 5 days or more,
out of a possible max score of 35.

Yes

Skippers vs. Non-RTEC
Consumers:
↓ Protein, CHO, sugars (% of
energy), vitamin B3.
↑ SF, MUFA, Total Fat.
Skippers vs. RTEC:
↓ Energy, protein, total sugars,
fibre, Ca, Fe, vitamin B1, B3,
vitamin A, Folate, I, P, Mg, Zn, K.
↑ Total fat, SFA, MUFA, vitamin
B2.

9

The Relationship of
Breakfast Skipping
and Type of Breakfast
Consumption with
Nutrient Intake and
Weight Status in
Children and
Adolescents: The
National Health and
Nutrition Examination
Survey 1999-2006
Breakfast eating and
weight change in a 5year prospective
analysis of
adolescents: Project
EAT (eating among
teens)
Healthy Eating IndexC is compromised
among adolescents
with body weight
concerns, weight loss
dieting, and meal
skipping

Breakfast and the diets
of Australian children
and adolescents: an
analysis of data from
the 1995 National
Nutrition Survey

DeshmukhTaskar et al.

Timlin et al.

Woodruff et
al.

Williams, P.

1999-2006

1999

pub.2008

1995-1996

Cross
Sectional

Cross
Sectional

Cross
Sectional

Cross
Sectional

5339

2216

1826

50000

Nutrient Intake
Comparison

Partially
(protein,
CHO, sugar,
added
sugars, fat,
SFA,
MUFA,
PUFA)

Skippers vs RTEC:
↓ Energy, sugars, carbs, fiber,
vitamin A, vitamin C, vitamin B1
vitamin B2 vitamin B3, vitamin B6,
vitamin B12, folate, Ca, P, Mg, Fe,
Zn, K.
↑ Added sugars, fat, MUFA, PUFA
Skippers vs non-RTEC
Breakfast:
↓ Energy, protein(g),
cholesterol(mg), vitamin A, vitamin
C, vitamin B2, Ca, P, Mg, K
↑ Added sugars (g & % of energy).

11-18
years old

Nutrient Intake
Comparison

Partially

Never vs. Daily:
↓ Energy (females), fibre,
cholesterol (females)

13-17
years old

HEI-C

No

Skippers vs. Consumers:
Skippers had lower diet quality (64
± 14.0 versus 71 ± 12.4).

No

16-18 years old Male Skippers vs.
Consumers:
↓ Fibre, vitamin B1, vitamin B2,
Folate, Ca, Fe, Mg, P, K.
12-15 years old Female Skippers
vs. Consumers:
↓ Energy, vitamin B1, B2, B3,
Folate, vitamin A, vitamin C, Fe,
Ca, Mg, Zn, P, K.
↑ Sugar.
16-18 years old Female Skippers
vs. Consumers:
↓ Vitamin B1, vitamin B2, Ca

24 Hour
Recall

An eating
occasion which
the participant
considered to be
his or her
breakfast

United
States

14-18
years old.

FFQ

Past 7 days
frequency:
Never (0 days),
Intermittent (1-6
days), Daily (7
days)

United
States

24 Hour
Recall

An eating
occasion which
the participant
considered to be
his or her
breakfast

Canada

24 Hour
Recall &
FFQ

Skippers:
Consumed
breakfast 0-4
days per week.
Eaters:
Consumed
breakfast 5 or
more days per
week.

Australia

12-15,
16-18

Nutrient Intake
Comparison

10

Comparison of energy
and nutrient intakes
among meals and
snacks of adolescent
males

Breakfast
Consumption by
African-American and
White Adolescent
Girls Correlates
Positively with
Calcium and Fiber
Intake and Negatively
with Body Mass Index

Effect of Meal
Environment On Diet
Quality Rating

The Importance of
Breakfast
Consumption to
Nutrition of Children,
Adolescents, and
Young Adults

Stockman et
al.

Affenito et
al.

Woodruff et
al.

Nicklas et al

pub.2004

pub. 2005

2005-2006

1973-1991

Cross
Sectional

Cross
Sectional

Cross
Sectional

Cross
Sectional

180
males

2379
females

3223

467

24 Hour
Recall

Inconsistent
Consumers:
Skipped
breakfast at least
1 of the 3 days.
Consistent
Consumers:
Consumed
breakfast all 3
days.

Canada

14-18
years old

Nutrient Intake
Comparison

No

Inconsistent vs. Consistent
Consumers:
↓ Fe

Food
Diary

Frequency of
breakfast
consumption,
eaten between 5
AM -10AM on
weekdays, or 5
AM-11AM on
weekends.

United
States

9-19
years old

Nutrient Intake
Comparison
(Calcium and
Fibre)

Yes

Average intake of Ca and fibre
were both significantly higher
among that consuming breakfast
more often.

FFQ

Previous day
breakfast
consumption: 1)
Home with
family. 2) Home,
bought at a
convenience
store/vending
machine/other,
3) Skipped
breakfast

Canada

11-13
years old

HEI-C

No

Skipped Breakfast vs. Home with
Family:
2.78 times (95% CI: 1.92 - 3.85)
more likely to have poorer diet
quality.
Skipped Breakfast vs. Home,
bought at a convenience
store/vending machine/other:
1.82 times (95% CI: 1.15 - 2.86)
more likely to have poorer diet
quality.

24 Hour
Recall

An eating
occasion which
the participant
considered to be
his or her
breakfast

United
States

15 years
old

Nutrient Intake
Comparison

No

Breakfast Skippers vs.
Consumers:
↓ Vitamins A, B6, B12, C, D, B1,
B2, folate, Mg, Fe, Zn, P, Ca.

11

Diet quality of US
adolescents during the
transition to
adulthood: changes
and predictors

Factors associated
with irregular
breakfast consumption
among high school
students in a Japanese
community

A High-Protein
Breakfast Prevents
Body Fat Gain,
Through Reductions
in Daily Intake and
Hunger, in “Breakfast
Skipping” Adolescents

Lipsky et al.

Oba et al.

Leidy et al.

2010-2014

2007

Published
2015

Cross
Sectional

Cross
Sectional

Randomized
Controlled
Trial

566

610

54

24 Hour
Recall

Frequency of
consuming
breakfast in past
7 days: 0, 1, 2, 3,
4, 5, 6, 7, as
stated by the
participant

FFQ

Irregular
Consumer:
Consume
breakfast 0-3
times per week
Regular
Consumer:
Consume
breakfast ≥4
times per week

24 Hour
Recall

Breakfast
Skippers:
Continued to
skip. Normal
Protein
Breakfast (NP):
350 kcal/13g
protein
breakfast. HighProtein
Breakfast: 350
kcal/35g protein

15 years
old

HEI-2010,
Whole Plant
Foods Density
(WPF), Empty
Calories (EC)

Japan

16-18

Snack
consumption,
juice/pop
consumption

United
States

Not
stated.
Average
age was
19±1
years

United
States

Nutrient Intake
Comparison
(Calories)

Yes

For a 1 unit increase in breakfast
frequency response:
A 0.69 increase in HEI score, a 0.06
increase in WPF score, and a 0.28%
decrease in percentage of calories
from added sugar, discretionary
solid fats, and alcohol (EC) would
be expected.

No

Male teens who had 2 or more
servings (1 serving = 500 mL) of
juice/pop a day were 9 times (95%
CI: 2.99-26.92) more likely to be
irregular breakfast consumers,
compared to male teens who
consumed juice or pop rarely.

N/A

High-Protein Breakfast:
Reduced total caloric intake for the
day by 412 calories (± 228).
Breakfast Skippers:
Increased total caloric intake by 372
calories (± 178 calories).
Normal-Protein Breakfast:
Increased their total caloric intake
by 118 kcal (± 51).

12

Association between
fast-food consumption
and lifestyle
characteristics in
Greek children and
adolescents; results
from the EYZHN
(National Action for
Children’s Health)
programme

Association between
fruits and vegetables
intake and frequency
of breakfast and
snacks consumption: a
cross-sectional study

Tambalis et
al.

Lazzaeri et
al.

2015

2010

Cross
Sectional

Cross
Sectional

177
091

3291

FFQ

Unclear.
Measured as
yes/no.

FFQ

Irregular
Consumers:
Consumed
breakfast ≤ 3/5
days a week.
Regular
Consumers:
Consumed
breakfast ≥4/5
days week.

Greece

Italy

8-17
years old

11, 13,
15 years
old

Frequency of
Fast Food
Consumption

Fruit and
Vegetable
Intake

No

Skippers vs. Consumers:
Males: Skipping breakfast
associated with 1.49 (95% CI: 1.44
- 1.55) times greater odds of fast
food consumption >1 time per
week.
Females: Skipping breakfast
associated with 1.43 (95% CI: 1.36
- 1.49) times greater odds of fast
food consumption >1 time per
week.

No

Irregular Consumers vs.
Consumers: Females:
1.31 times more likely to have a
low fruit intake (95% CI: 1.02-1.67)
and 1.40 times more likely to have
low vegetable intake (95% CI:
1.07-1.82) vs. female regular
consumers.
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Appendix B: Multiple Imputation Results
Model 1A (Multiple Imputation)
n = 1114
Variable

Unadjusted β (95% CI)

Adjusted β (95% CI)

Constant
Habitual Breakfast Skipper

R2 :0.16
Adjusted R2: 0.15
Adjusted p-value

26.3
Consumer
Skipper

Reference
-3.0 (-5.5, -0.4)
-1.5 (-4.1, 1.0)

-0.24

Female
Male
Non-Binary

Reference
-3.8 (-5.9, -1.8)
-3.0 (-5.1, -0.97)
-10.4 (-28.9, 8.0)
-7.8 (-25.0, 9.3)
0.2 (-0.7, 1.0)
-0.1 (-1.0, 0.7)

-<0.01*
0.37
0.77

Reference
-2.2 (-4.3, -0.1)
2.9 (1.1, 4.8)
2.2 (0.8, 3.5)
-0.5 (-1.7, 0.6)
-0.5 (-1.1, 0.1)
0.2 (0.1, 0.4)

-0.04
<0.01*
<0.01*
0.34
0.10
<0.01*

Reference
10.0 (5.5, 14.5)
8.5 (4.0, 12.9)
2.7 (1.5, 4.0)
2.1 (0.8, 3.3)
0.8 (0.4, 1.2)
0.5 (0.1, 0.9)

-<0.01*
<0.01*
0.02*

Gender

Age
Ethnicity
Non-White
White
Importance of Eating Healthy Rating
Physical Health Rating
Mental Health Rating
Usual # of Days Physically Active
Nutrition Quiz Score
Vegetarian Status
Non-Vegetarian
Vegetarian
Parental Highest Education
Neighbourhood Income (per $10,000)

-0.5 (-2.7, 1.6)
4.6 (2.7, 6.4)
2.4 (1.3, 3.6)
0.2 (-0.9, 1.2)
0.2 (-0.4, 0.8)
0.3 (0.2, 0.5)

*indicates statistical significance at the p <0.05 level
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Model 1B (Multiple Imputation)
n = 1114
Variable
Constant
Days Eaten Breakfast in Previous
Week
Consumed Breakfast 7/7 Days
Consumed Breakfast <7 Days
Gender
Female
Male
Non-Binary
Age
Ethnicity
Non-White
White
Importance of Eating Healthy Rating
Physical Health Rating
Mental Health Rating
Usual # of Days Physically Active
Nutrition Quiz Score
Vegetarian Status
Non-Vegetarian
Vegetarian
Parental Highest Education
Neighbourhood Income (per $10,000)

Unadjusted β (95% CI)

Adjusted β (95% CI)

R2: 0.16
Adjusted R2: 0.15
Adjusted p-value

26.9

Reference
-2.9 (-4.8, -0.9)
-1.6 (-3.6, 0.4)

-0.12

Reference
-3.8 (-5.9, -1.8)
-3.1 (-5.2, -1.0)
-10.4 (-28.9, 8.0)
-7.6 (-24.7, 9.6)
0.2 (-0.7, 1.0)
-0.1 (-1.0, 0.8)

-<0.01*
0.38
0.81

Reference
-2.2 (-4.2, -0.1)
3.0 (1.1, 4.8)
2.1 (0.8, 3.4)
-0.6 (-1.7, 0.6)
-0.5 (-1.1, 0.1)
0.2 (0.1, 0.4)

-0.04*
<0.01*
<0.01*
0.32
0.10
<0.01*

Reference
10.0 (5.5, 14.5)
8.5 (4.1, 12.9)
2.7 (1.5, 4.0)
2.1 (0.8, 3.3)
0.8 (0.4, 1.2)
0.5 (0.1, 0.9)

-<0.01*
<0.01*
0.02*

-0.5 (-2.7, 1.6)
4.6 (2.7, 6.4)
2.4 (1.3, 3.6)
0.2 (-0.9, 1.2)
0.2 (-0.4, 0.8)
0.3 (0.2, 0.5)

*indicates statistical significance at the p <0.05 level
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Model 2 (Multiple Imputation)
n = 1114
Variable
Constant
Skipped Breakfast Day of Recall
Ate Breakfast
Skipped Breakfast
Habitual Breakfast Skipper
Consumer
Skipper
Gender
Female
Male
Non-Binary
Age
Ethnicity
Non-White
White
Importance of Eating Healthy Rating
Physical Health Rating
Mental Health Rating
Usual # of Days Physically Active
Nutrition Quiz Score
Vegetarian Status
Non-Vegetarian
Vegetarian
Parental Highest Education
Neighbourhood Income (per $10,000)

Unadjusted β (95% CI)

Adjusted β (95% CI)

R2: 0.17
Adjusted R2: 0.16
Adjusted p-value

28.3
Reference
-6.0 (-9.2, -2.9)
-4.3 (-7.6, -1.0)

-0.01*

Reference
-3.0 (-5.5, -0.4)
-0.2 (-3.0, 2.5)

-0.88

Reference
-3.8 (-5.9, -1.8)
-2.7 (-4.8, -0.6)
-10.4 (-28.9, 8.0)
-9.5 (-26.2, 7.2)
0.2 (-0.7, 1.0)
-0.2 (-1.2, 0.7)

-0.01*
0.26
0.60

Reference

-0.04*
<0.01*
<0.01*
0.23
0.13
<0.01*

-0.5 (-2.7, 1.6)
4.6 (2.7, 6.4)
2.4 (1.3, 3.6)
0.2 (-0.9, 1.2)
0.2 (-0.4, 0.8)
0.3 (0.2, 0.5)

-2.4 (-4.7, -0.2)
3.1 (1.1, 5.1)
2.2 (1.0, 3.4)
-0.69 (-1.8, 0.5)
-0.5 (-1.2, 0.2)
0.2 (0.1, 0.4)

Reference
10.0 (5.5, 14.5)
8.5 (4.0, 12.9)
2.7 (1.5, 4.0)
2.0 (0.8, 3.2)
0.8 (0.4, 1.2)
0.5 (0.1, 0.9)

*indicates statistical significance at the p <0.05 level

-<0.01*
0.01*
0.03*
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Model 3 (Multiple Imputation)
n = 1114
Variable
Constant
Skipped Breakfast Day of Recall
Ate Breakfast
Skipped Breakfast
Habitual Breakfast Skipper
Consumer
Skipper
Interaction Effect
Habitual Skipper who Ate Breakfast
Habitual Skipper who Skipped
Breakfast
Gender
Female
Male
Non-Binary
Age
Ethnicity
Non-White
White
Importance of Eating Healthy Rating
Physical Health Rating
Mental Health Rating
Usual # of Days Physically Active
Nutrition Quiz Score
Vegetarian Status
Non-Vegetarian
Vegetarian
Parental Highest Education
Neighbourhood Income (per $10,000)

Unadjusted β (95% CI)

Adjusted β (95% CI)

R2: 0.17
Adjusted R2: 0.17
Adjusted p-value

28.5
Reference
-6.0 (-9.2, -2.9)
-0.9 (-3.8, 2.1)

-0.56

Reference
-3.0 (-5.5, -0.4)
-6.3 (-11.1, -1.5)

-0.01*

Reference
2.3 (-4.3, 9.0)

-3.3 (-2.8, 9.4)

0.49

Reference
-3.8 (-5.9, -1.8)
-2.7 (-4.8, -0.7)
-10.4 (-28.9, 8.0)
-9.7 (-26.5, 7.1)
0.2 (-0.7, 1.0)
-0.3 (-1.2, 0.7)

-0.01*
0.26
0.57

Reference
-2.5 (-4.8, -0.2)
3.1 (1.1, 5.1)
2.2 (1.0, 3.4)
-0.7 (-1.8, 0.4)
-0.5 (-1.2, 0.2)
0.2 (0.1, 0.4)

-0.03*
0.03*
<0.01*
0.23
0.13
0.01*

Reference
10.0 (5.5, 14.5)
8.5 (4.0, 13.0)
2.7 (1.5, 4.0)
2.0 (0.8, 3.2)
0.8 (0.4, 1.2)
0.5 (0.1, 0.9)

-<0.01*
0.01*
0.03*

-0.5 (-2.7, 1.6)
4.6 (2.7, 6.4)
2.4 (1.3, 3.6)
0.2 (-0.9, 1.2)
0.2 (-0.4, 0.8)
0.3 (0.2, 0.5)

*indicates statistical significance at the p <0.05 level
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Table B-1: Model 3 Predicted HEI-2015 Scores (Multiple Imputation)
Skipped
Breakfast

Ate Breakfast

Habitual Breakfast Skipper

51.7 (48.3, 55.1)

54.7 (52.0, 57.4)

Habitual Breakfast Consumer

49.2 (44.4, 54.1)

55.6 (54.3, 56.7)

Model 4 (Multiple Imputation)

Nutrient
Calories (kcal)*
Protein (g)
Total Fat (g)*
Saturated Fat
(mg)*
Total
Monounsaturated
Fats (g)
Total
Polyunsaturated
Fats (g)
Eicosapentaenoic
Acid (EPA) (mg)
Docosahexaenoic
Acid (DHA) (mg)
Total
Carbohydrates
(g)*
Total Sugar (g)
Add Sugars (tsp
equivalents)

Skipped
Breakfast

Consumed
Breakfast

Difference, (95%
CI)

RDA/RDI

1416
75.0
68.9

1753
75.3
63.7

-337 (-484, -190)
-0.3 (-6.6, 6.1)
5.2 (1.3, 9.1)

2000 kcal
46 g
65 g

% of
RDA/RDI
Difference
Represents
16.8%
0.6%
8.0%

24.7

21.0

3.8 (1.8, 5.8)

20 g

19.0%

24.1

23.5

0.6 (-1.2, 2.5)

N/A

13.8

13.5

0.3 (-1.2, 1.9)

N/A

25.0

32.5

-7.5 (-53.3, 38.3)

N/A

49.1

68.6

-19.5 (-93.2, 54.2)

N/A

198.1

210.9

-12.8 (-25.1, -0.6)

130 g

9.8%

72.0

81.3

-9.3 (-19.7, 1.2)

100 g

9.3%

9.1

10.3

-1.2 (-3.3, 0.9)

N/A

18

Fibre (g)
Calcium (mg)
Iron (mg)
Magnesium (mg)*

14.2
754.1
11.2
219.0

15.3
748.0
12.0
248.9

-1.1 (-3.0, 0.8)
6.1 (-94.7, 106.9)
-0.8 (-1.9, 0.3)
-29.9 (-51.6, -8.1)

25 g
1300 mg
15 mg
360 mg

4.4%
0.5%
5.3%
8.3%

Potassium (mg)

2106.1

2214.8

-108.6 (-281.7, 64.5)

4700 mg

2.3%

Sodium (mg)
Zinc (mg)
Vitamin C (mg)
Vitamin B1
(Thiamin) (mg)
Vitamin B2
(Riboflavin) (mg)
Vitamin B3
(Niacin) (mg)
Vitamin B6
(Pyridoxine) (mg)
Folate (mcg)
Vitamin B12
(mcg)
Vitamin A (mcg,
RAE)
Vitamin E (mg)*
Vitamin K (mg)
Choline (mg)*

3017.3
10.0
68.5

2832.2
9.8
86.4

185.1 (-51.3, 421.5)
0.2 (-1.2, 1.5)
-17.9 (-38.7, 2.9)

1500 mg
9 mg
65 mg

12.3%
2.2%
27.5%

1.5

1.6

-0.1 (-0.3, 0.1)

1.0 mg

10.0%

1.5

1.6

-0.1 (-0.2, 0.1)

1.0 mg

10.0%

20.6

21.2

-0.7 (-3.4, 2.1)

14 mg

5.0%

1.4

1.5

-0.1 (-0.2, 0.1)

1.2 mg

8.3%

292.7

300.4

-7.8 (-37.3, 21.9)

400 mcg

2.0%

3.4

3.6

-0.2 (-1.0, 0.5)

2.4 mcg

8.3%

471.8

499.4

-27.6 (-105.9, 50.7)

700 mcg

3.9%

6.3
82.1
232.4

8.0
86.6
269.6

-1.7 (-2.9, -0.5)
-4.5 (-28.2, 19.1)
-37.3 (-69.8, -4.7)

15 mg
75 mcg
400 mg

11.3%
6.0%
9.3%

*indicates statistical significance at the p <0.05 level
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Appendix C: Model Fit, Residual vs. Fitted Plots, Variance
Inflation Factors/Collinearity

Model 1A
Predicted vs Actual Healthy Eating Index-2015 Scores:

Residual vs. Fitted Plot:
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Variance Inflation Factor/Collinearity:
Variable

VIF

1/VIF

Physical Health Rating
# Days Physically Active
Mental Health Rating
Median Neighbourhood
Income
Ethnicity (White)
Eating Healthy Importance
Rating
Nutrition Knowledge Score
Gender
Parent Highest Education
Age
Habitual Skipper Status
Vegetarian Status

1.59
1.48
1.27

0.63
0.68
0.79

1.19

0.84

1.17

0.85

1.16

0.86

1.12
1.11
1.11
1.10
1.05
1.04

0.89
0.90
0.90
0.91
0.95
0.96

Model 1B:
Predicted vs Actual Healthy Eating Index-2015 Scores:
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Residual vs Fitted Plot:

Variance Inflation Factor/Collinearity
Variable

VIF

1/VIF

Physical Health Rating
# Days Physically Active
Mental Health Rating
Median Neighbourhood
Income
Ethnicity (White)
Eating Healthy Importance
Rating
Nutrition Knowledge Score
Gender
Parent Highest Education
Days Eaten Breakfast in
Previous Week
Age
Vegetarian Status

1.60
1.47
1.27

0.63
0.68
0.79

1.19

0.84

1.17

0.86

1.17

0.86

1.12
1.11
1.11

0.89
0.90
0.90

1.10

0.91

1.10
1.04

0.91
0.96
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Model 2:
Predicted vs Actual Healthy Eating Index-2015 Scores:

Residual vs. Fitted Plot:
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Variance Inflation Factor/Collinearity:
Variable

VIF

1/VIF

Physical Health Rating
# Days Physically Active
Mental Health Rating
Habitual Skipper Status
Skipped/Ate Breakfast Day
of Recall
Median Neighbourhood
Income
Ethnicity (White)
Eating Healthy Importance
Rating
Nutrition Knowledge Score
Gender
Parent Highest Education
Age
Vegetarian Status

1.59
1.48
1.28
1.24

0.63
0.68
0.79
0.81

1.24

0.81

1.19

0.84

1.18

0.85

1.17

0.86

1.12
1.11
1.11
1.10
1.04

0.89
0.90
0.90
0.91
0.96

Model 3:
Predicted vs Actual Healthy Eating Index-2015 Scores:

24

Residual vs. Fitted Plot:

Variance Inflation Factor/Collinearity:
Variable
Skipped Breakfast Day of
Recall##Habitual Skipper
Skipped/Ate Breakfast Day
of Recall
Physical Health Rating
Habitual Skipper Status
# Days Physically Active
Mental Health Rating
Ethnicity (White)
Median Neighbourhood
Income
Eating Healthy Importance
Rating
Nutrition Knowledge Score
Gender
Parent Highest Education
Age
Vegetarian Status

VIF

1/VIF

3.34

0.30

2.66

0.38

1.59
1.57
1.48
1.28
1.19

0.63
0.64
0.67
0.78
0.84

1.19

0.84

1.17

0.86

1.13
1.11
1.11
1.10
1.05

0.88
0.90
0.90
0.91
0.96
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Appendix D: Youth Survey, Parent Survey, ASA24
Questions
Type of
Variable

Variable

How the Question was Asked

How Each Variable was Measured

Habitual Breakfast
Skipper

"During the last week, on which
days did you eat BREAKFAST
and where?"

Binary

Those who reported they skipped 4 or
more days last week were classified as
habitual skippers.

Skipped Day of
Recall

"Report a Meal or Snack" via
ASA24

Binary

Those who did not report a breakfast,
or a breakfast <50 calories were
considered to have skipped breakfast
the day of the recall.

Healthy Eating
Index 2015 Score

N/A

Continuous

Derived from an individual's intake of
13 separate food groups, on a per 1000
calorie basis.

Predicted Nutrient
Intakes

N/A

Continuous

Nutrient intakes of individuals were
automatically calculated by ASA24's
food database, which were then further
adjusted for multiple covariates,
depending on the statistical model
under analysis.

Percentage of Daily
Nutrient Intake
Consumed at
Breakfast

N/A

Continuous

Nutrients eaten at breakfast were
divided by total daily nutrients.

Age

"What is your current age?"
Responses were limited to ages
13-19

Continuous

Age was measured as a continuous
variable.

Gender

"I am a (insert response)".
Responses included: "Male",
"Female", & "I identify as (please
specify)".

Binary

Participants responded by identifying
as either male or female. In sensitivity
analysis, those who identified as
neither male nor female were treated as
a third category, although none had
complete case information, and as such,
were excluded from the primary
analyses.
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Ethnicity

"What is your ethnicity? (Select
all that apply)". Responses
included White / Caucasian,
South Asian (e.g., East Indian,
Pakistani, Sri Lankan), "East
Asian (e.g., Chinese, Japanese,
Korean)", "Middle Eastern (e.g.,
Egyptian, Iranian, Lebanese)",
"Latin American (e.g., Mexican,
Columbian, Peruvian)",
"Indigenous (i.e., First Nations,
Métis, or Inuit)", "Black (e.g.,
African, Caribbean)", and "Other
(please specify)"

Binary

Vegetarian Status

"I eat the following way (select
Binary
all that apply):". Responses
included: "Gluten-free", "Lactosefree", "Kosher", "Halal",
"Vegetarian", "Vegan", "Other
(please specify)", "None of the
above".

Participants were classified as either
vegetarian or not.

Median Household
Income

N/A

Median household income within a
dissemination area (DA), as defined by
Statistics Canada, was given to all
households within that DA. It was
measured per a $10,000 increase in
income.

Parental Highest
Education

"What is the highest certificate,
Ordinal
diploma, or degree that you have
completed?". Responses included
"Less than high school diploma or
equivalent", "High school
diploma or equivalency", "Trade
or other non-university certificate
or diploma", "University
certificate or diploma below the
bachelor’s level", "Bachelor’s
degree", "University certificate,
diploma or degree above the
bachelor’s level”, & “Don’t
know”.

Continuous

Participants were further classified as
either white or non-white.

Parental highest education was
analyzed as follows: “High school or
less”, “Some postsecondary, but less
than bachelor’s degree”, “Bachelor’s
degree”, and “Greater than bachelor’s
degree”. Missing responses and “Don’t
know” responses were treated as
missing.
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Importance of
Eating Healthy

"Eating healthy food is important
to me.". Responses included:
"Strongly Agree", "Agree",
"Neither Agree nor Disagree",
"Disagree", & "Strongly
Disagree"

Ordinal

“Strongly agree” responses were given
the highest values, while “strongly
disagree” was given the lowest.

Physical Health

"In general, how do you rate your
own physical health?". Responses
included: "Excellent", "Very
Good", "Good", "Fair", & "Poor"

Ordinal

“Excellent” responses were given the
highest values, while “Poor” was given
the lowest.

Mental Health

"In general, how do you rate your
own mental health?". Responses
included: "Excellent", "Very
Good", "Good", "Fair", & "Poor"

Ordinal

“Excellent” responses were given the
highest values, while “Poor” was given
the lowest.

Physical Activity

"Physical activity is an activity
that increases your heart rate and
makes you get out of breath some
of the time. Add up all the time
you spend in physical activity
each day. Some examples of
physical activity are running,
brisk walking, rollerblading,
biking, dancing, skateboarding,
swimming, soccer, basketball.
Over the past 7 days, how many
days were you physically active
for a total of at least 60 minutes
per day?". Responses were
limited to 0-7 days.

Count

7 days of physical activity was given
the highest value, while 0 days was
given the lowest.

Nutritional
Knowledge Score

Multiple questions aimed at
assessing nutritional knowledge
were asked.

Count

Each question was worth one mark, and
the total amount of answers correct was
then summed for each individual.
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